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In Appreciation

• • •

JAY DONALD ANDREWS
Professor Emeritus
of
Marine Science

For over thirty-six years Dr. Jay D. Andrews has contributed to the understanding
of oyster biology. His studies of the nature
and epidemiology of the devastating oyster
diseases known as "Dermo" (caused by
Perkinsus marinus), "MSX" {by Ha12.los12.oridium nelsom), and "550" (by Ha12.los12.oridium costale) have laid the basis for management of oyster resources as well as
further basic research.
"Andy," as he is known to his colleagues,
has received broad national and international
recognition for his work. He has been elected an honorary member of the National
Shel/fisheries Association. He formerly served as the President of the A tiantic Estuarine Research Society.
Even though Dr. Andrews retired this past
February and is now Professor Emeritus of
Marine Science, this dedicated researcher
continues his field studies and publications.
The Virginia Institute of Marine Science and
School of Marine Science of the College of
William and Mary, therefore, take this opportunity to acknowledge Dr. Andrews' contributions to the Commonwealth of Virginia.
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THE COLLEGE OF WILLIAM AND MARY IN VIRGINIA
OFFICE OF THE PRESIDENT

WILLIAMSBURG, VIRGINIA 23185

The Honorabl e Charl es H. Robb
Governor of Virginia
State Capi t ol
Richmond, Virginia 23219
Dear Governor Robb:
The forty-second Annual Report of t he Virginia Institute of
Marine Science (School of Marine Science, College of William and Mary)
for the year ending June 30, 1983 is respectfully submitted herewith.
The new leadership installed last year completed a draft ten-year
research plan to address the major problems facing the Chesapeake Bay
and the other coastal problems and resources of the Commonwealth.
This draft plan has been forwarded to State marine and coastal
resources management agencies for their comments and recommendations .
This document served as the principal guideline for program planning
and budgeting in the 1983-84 fiscal year.
We are very pleased that construction was begun on the new Marine
Science Services buil di ny on the Gloucester Point campus. We
appreciate the support of your office in expediting this start early
in the fiscal year.
The Institute staff and the Col lege administration stand ready to
provide any appropriate support to you and your staff as you launch
your Chesapeake Bay initiatives. We believe the research planning
accomplished during this year will develop a sound scientific and
technical base for both protecting the marine and estuarine resources
of the Commonwealth while developing new and existing marine- based
industry to its fullest potential .
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MARINE SCIENCE DEVELOPMENT COUNCIL
VIRGINIA INSTITUTE OF MARINE SCIENCE
The Marine Science Development Council is an adv i sory body composed of
leaders from Virginia ' s business and industrial corrmunities who are interested
in the continuing vitality of VIMS and its role i n advising managers of Virgi ni a ' s marine and estuarine natural resources. The primary function of the
Council is to adv ise the Dean/lJi rector of the Institute on pl anning and implementation of research and advisory services programs as they relate to the
private sector.
Additio nally, the Council advises the Institute on its private sector
initiative program. This program i s directed toward assisting VIMS in securing private resources to accompli sh its goal s .
The membership of the Marine Science Development Council inclu des the following persons:
Mr. George W. Roper, II, Chairman
Senior Vi ce Pres i dent
Norfolk Shipbuilding and Drydock Corp.
Norfol k, Virgi nia

Mr . H. R. Humphreys, Jr.
Presiden t
Standard Products Company
Kilmarnock, Virginia

Dr. Wall ace W. Atwood, Jr .
Former Director,
Offi ce of International Rel ations
National Academy of Sc i ences
White Stone, Virginia

Mr. William C. Monroe, A.I.A .
Caro, Monroe, Li ang - Architects
Newport News, Virginia

Mr. Fred M. Biddlecomb
President
Virgi ni a Waterman's Association
Reedvi ll e, Virginia
Mr. Samuel C. Brown , Jr.
Senior Vice Pres ident
Power Station Engineering and
Constructi on
Virginia Electric and Power Company
Richmond , Virg inia
Mr. Loui s N. Dibrell , Jr .
Executive Vice Pre sident
Dibrell Brothers, Incorporated
Danvill e, Virgi nia
Mr. J. Carter Fox
President
The Chesapeake Corporation of Virginia
West Point, Virgini a

Mr. Joseph R. Neikirk
Vice Pres ident
Personne l and Labor Rel ations
Norfolk Southern Corporation
Norfolk, Virgini a
Mr. Samuel Sandler
Chairman of t he Board
Sa ndl er Foods
Virgini a Beac h, Virginia
Captain J . Maury Werth, U.S.N. (Ret.)
Former Superintendent of the U. S.
Naval Ob servatory
Hagerstown, Maryland
Mr. George A. Zahn , Jr.
Pres ident
Deepsea Ventures, Inc.
Gloucester Point , Virginia
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EXECUTIVE SUr,ttARY
Administration
Research ~a nning for the coming decade was a major focus of the administration and the professional staff during this period.
A Draft Ten-Year
Research Plan was prepared and distributed for industry and State agency review. The broad aspects of this Draft Plan provided the principle budgetary
and resource allocati on guidelines for next year's programs.
Some aspects of the Draft Plan, particularly those dealing with toxic
materials in Chesapeake Bay and the benthi c boundary layer, were initiated.
The Draft Plan al so resulted i n cl earer definitions of goals and objectives
for many of the traditional areas of study such as fisheries , wetlands and
pathobiology.
A unifi ed budgetary process providing coordination between general and
sponsored resea rch funds was i ni ti ated.
The p1anned fi nanci a 1 system wi 11
support the programmatic thrust of the Institute's research plan when fully
implemented .
Faci 1i ti es
The small vessel capability of the Institute was upgraded with the purchase of a high speed deep-V hull design, 24-foot vessel for use in quasi - synoptic surveys and three 26-foot, shal l ow draft fiberglass hull workboats for
general research .
In December, 1982, ground was broken for a $4.0 million marine science
services building. The building i s scheduled for completion in spring, 1984 .
Graduate Education
The student body remained constant at 137 students.
The faculty increased by two to 61. Twe nty grad uate degrees (5 Ph.D. and 15 M.A.) in Marine
Science were awarded through the School of Marine Science.
Research Activities
Fifty-three sponsored research projects, most of which ~,ere funded by Fed eral grants or contracts, expended $2,078,900 during the f i scal year, augmenting the General Fund appropriation for Virginia's marine science programs.
Sixty-three artic l es were added to the contribution series of the I nsti tute.
In addition, one Data Report, one Special Scientific Report, ten
seecial Reports in Applied Marine Science and Ocean Engineering and eight
Vi rginia Mari ne Resources Reports were produced.

Advisory Activities
Advisory acti vities continued at a very high pace. Research staff served
on a r.umber of standing and ad-hoc committees addressing State, regional and
Federal needs. Over 600 permit applications for wetlands, dune or subaqueous
articles were reviewed.
A large portion of advisory effort was devoted to
bi-State resource problems of Chesapeake Bay.
Marine Advisory Service specialists focused activities in areas of
commerci a 1 fisheries , marine trades and recreation, and marine education.
Four periodicals with circulation running from 250 to 6,500 were produced with
support from the Virginia Sea Grant program.
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INTRODUCTION
Hi story
The Virginia Institute of Marine
Science and the School of Marine Science
of the Co 11 ege of Will i am and Mary exists as the result of the efforts of Dr.
Donald Walton Davis.
A Pennsylvanian,
Dr. Davis arrived at Wi 11 i am and Mary in
1916 with A.B. and Ph.D. degrees from
Harvard and with additional experience
at Colurrbia University, Woods Hole, and
the Marine Biological Association of San
Diego.
During his 34 years at the College, he prodded his students from the
sometimes dry cl ass room into the l aboratory and the field; often the field was
the water of the nearby York River.
While building William and Mary's Biology Department into one of the largest
departments on campus, he sought to assure the future of Virginia's fisheries
industries by improving the general know1edge of the fisheries resources so they
might be properly conserved and managed.
The founding of the Chesapeake Biol ogi cal Laboratory in Maryl and in 1925 further convinced Dr. Davis of the need for
a formal program of fisheries research
in Virginia.
On September 29, 1939 he wrote, "No
institution on the Atlantic Coast now
meets the need for training in practical
marine biology. The center of this need
is Chesapeake Bay.
The College ... already offers basic training for this
work; (however) max i mum results are not
realized without (app l ication)." Within
a year of Dr. Davis' remarks, the General Assembly of the Commonwealth of
Virginia directed that the President of
the College of William and Mary and the
Commissioner of Fisheries pl an a facility for marine research and education.
This facility, the Virginia Fi sheries
Laboratory, l','as to build upon the work
begun in 1935 at the Yorktown Laboratory
of the Un i ted States Bureau of Fi sheries.
As well as providing much of the
effort that resulted in the initiation
of the Institution, Dr. Davis al so set a
tone that has conti nued to this day;
that tone being t he practical character
of much of the research and the educational program.
In addition to being
head of the Col lege's Department of
Biology, Dr. Dav i s twice served as the
acting head of the Virginia Fisheries
Laboratory.
His involvement with the
Laboratory conti nued until hi s death in
1950.

Dr. Donald W. Davis, Father of Marine Science
Research in Virginia.

In 1940, Dr. Curtis L. Newcomb was
hi red as the Di rector of the newly created Vi rgi ni a Fisheries Laboratory. The
small research organization was housed
in Yorktown.
Later, the laboratory acquired a research facility at Wachapreague on the seaside of Virginia's
Eastern ~hore peninsula.
In 1943, R.
Winston Menzel, who would later be
Professor of Oceanography at Florida
State University, earned the first degree granted by the program .
World War
II brought a reduction in the program
and the closing of the Wachapreague
Laboratory.
The Eastern Shore faci 1 ity
remained closed until the 1960' s.
In
1946, fo 11 owing the end of the War, Dr .
Newcomb resigned his position and Dr.
Davis returned as acting or interim
Director.
Dr. Nelson B. Marshall became the
second Director of the Virginia Fisheries Laboratory in 1947.
In 1948, the
General Assembly broadened the charter
of the laboratory to include nydrographic and biological studies of Chesapeake Bay, its tributaries and all tidal
waters of the Commonwealth.
The period
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ganization under the control of a separately appointed Board of Administration. Although it was a separate organizational entity, the Institution continued to serve as the Schoo 1 of Marine
Science of the Ccllege Will iam and Mary .
In addition, the Virginia Institute of
Marine Science functioned as the Department of Marine Science of the University
of Virginia from 1965 until 1977.

·;
C

'· )

Dr. Frank 0. Perkins, Director of the Virginia
Institute of Marine Science.

shortly after the War's end also brought
several recently graduated scholars who
were anxious to apply the knowledge acquired with their newly earned degrees
to the work of the Laboratory . Several
of these researchers, a little grayer
and much more experienced, are sti 11 at
their posts over 3 decades later.
In 1950, a year after Dr. J. LaClrence McHugh replaced Dr. Nelson Marshall
as Di rector, the Laboratory moved from
Yorktown across the York River to its
present location at Gloucester Point.
In 1959, Dr. William J. Hargis, Jr. succeeded Dr. McHugh.
In that same year,
the School of Arts and Sciences of the
Co 11 ege of Wi 11 i am and Mary established
a separate Department of Marine Science
and began offering a Master of Arts in
Marine Science. Prior to that the curriculum led to a Master of Arts in Aquatic (Marine) Biology.
In mid-1965 the
curriculum expanded to include the Doctor of Philosophy in Mari.ne Science degree. The first Ph.D. degree . was awarded in 1968.
By 1962, the program had matured to
the extent that the General Assembly
changed the name to the Virginia Institute of Marine Science and placed the or10

The General Assembly again reorganizeCI the Institute in 1979, merging it
back into the College of Wil liam and
Mary.
In 1980, after more than twenty
years at the helm, Dr. Hargis resigned
as Dean/Director to return to a fulltime role in research and teaching. In
July, 1981, Dr. Frank O. Perkins, who
had served in an acting capacity, became
the Dean/Director of the Virginia Institute of Marine Science and School of
Marine Science of the College of William
and Mary.
Throughout this period the General
Assembly continued to expand the legislated duties of the Virginia Institute
of Marine Science until today the Institute' s formal duties are:
- to conduct studies and investigations of all phases of the seafood
and conmercial fishing and sport
fishing industries;
- to consider means by which fisheries resources may be conserved,
developed and replenished and to advise the Marine Resources Conmfssion and other agencies and private
groups on these matters;
- to conduct studies and investigations of problems pertaining to the
other segments of the maritime
economy;
- to conduct studies and investigations of marine pollution in cooperation with the State Water Control
Board and the Department of Heal th
and make the resulting data and
possible corrective reconmendations
available to the appropriate agencies;
- to conduct hydrographic and biological studies of the Chesapeake Bay
and the tributaries thereof and all
the tidal waters of the Conmonwealth and the contiguous waters of
the Atlantic Ocean;
- to engage in research in the marine
sciences;
- to engage in research and provide
training, technical assistance and
advice to the Commission on Conser-

Organization

vation and Devel ~pment of Public
Beaches on erosion along tidal
shorelines, the Soil and Water Conservation Co11111ission on matters relating to tidal shoreline erosion,
and to other agenc i es upon request;
and
- to make such special studies and
i nvesti gati ons concerni ng the foregoing as it may be requested to do
by the Governor.

The Director of the Virginia Institute of Marine Science (VIMS), who also
serves as Dean of the School of Marine
Science (SMS), reports to the President
of the College of William and Mary. Most
professional scientists on the VIMS'
staff al so serve as faculty in the
School of Marine Science.
The Institute is divided into an
Admi ni strati ve Group and a Research and
Advisory Group, each headed by an Associ ate Director.
The Associate Director
for Research and Advisory Activities
also serves as the Associate Dean of the
School of Marine Science.

The vision of Dr. Donald Walton
Davis is al ive at the Virginia Institute
of Marine Science. The bl ending of both
theoretical and applied research with a
"hands on" approach to graduate education is the continuing thread through
all of the programs.
From an offshoot
of the Deoartment of Biology of the
Co11 ege of Wi 11 i am and Mary, the School
of Marine Science has grown into a nationally and internationally respected
center for the study of the mari ne environment.

A new organizational structure of
the Research and Advisory Group was implemented at the begi nning of the reporting year. This reorganization resulted
in a consolidation of 6 Divisions into
four and 14 Departments into eight .

BOARD OF VISITORS
COL LEGE OF WILLIAM ANO MARY

PRESIDENT OF THE COL LEGE

SCHOOL OF
ARTS A NO SCIEN CES

SCHOOL O F

BUSINESS ADMINISTRATION

SCHOOL OF

MARSHALL-WYTHE
SCHOOL OF LAW

MARINE SCI ENCE
AND
VI RGINIA INSTITUTE
OF MARINE SCIENCE

SCHOOL OF EDUCAT ION

DEAN/DIRECTOR

ASSOCIATE DIRECTOR FOR
FINANCE ANO ADMINI STRATION

ASSOCIATE DEAN/ DIRECTOR
FOR RESEARCH, EDUCATION

DIVISION OF
MARINE RESOURCES

DI VI SION OF
BIOLOGICA L

MANAGEMENT

OCEANOGRAPHY

MARINE
ADVISORY
SERVICES

D IVISION OF

PHYSICAL ANO
ENGINEER ING SCIENCES

EASTERN SHORE
LABORATORY

LIB RARY

OCEAN AND
COASTAL LAW

PLANNING ANO
BUDGE T
GEOLOGI CAL

FISHERIE S
SCIENCES

OCEANOGRAPHY

WETLANDS
ECO LOGY

OCEANOGRAPtlY

ACCOUN TING
CHEMICAL

LOGISTICS
ESTUAR INE
AND

COASTAL
ECOLOGY

PHYSICAL
OCEANOGRAPHY ANO
ENVIRONMENTAL
ENGINEERING

BUILDINGS ANO
GROUNDS

WORD PROCESSING
AND CENTRAL
SERVICES

COMPUTER SERVICES

11

Aerial view of the Virginia Institute of Marine Science.

Facilities
The lnstitute's main campus is located at Gloucester Point on the York
River. Situated on an important estuary
with easy access to Chesapeake Bay and
the Atlantic Ocean, the Institute is
admirably located to conduct marine research. Additionally, the Eastern Shore
Laboratory at Wachapreague,
on Virginia's Eastern Shore peninsula, offers
access to embayments, salt marshes, barrier islands, and coastal waters.
The
Wachapreague facility has laboratories
for mariculture and research as well as
classroom space and a donnitory.
Maury Ha 11 , the first permanent
building on the main campus, was constructed in 1950 and is devoted to administrative offices, the library, a
lecture and exhibit room, and small .display aquaria.
Brooke Hall, built in
1958, contains offices and laboratories,
as does Davis Hall which was built in
1961 and enlarged in 1974 .
Byrd Hall
( 1969) contains the computer center,
classrooms and the offices and support
facilities for chemistry, physio l ogy,
and toxicology.
Jefferson lia 11 , pur12

chased in 1966 and enlarged in 1972,
houses the Fisheries Science staff and
laboratories as well as the lnstitute's
reference collections of fish. Three of
the buildings have flow-through saltwater systems. The small boat basin and
the Newport Building are located in the
Franklin Marine Center which is the hub
of the Department of Physical Oceanography ~nd Environmental Engineering.
The physical plant of the Institute' s Eastern Shore Laboratory consists
of two brick buildings, a laboratory and
a maintenance building.
In addition,
there are eleven wooden structures on
the approximately three and one- ha l f
acre area in the town of Wachapreague,
Accomack County, Virginia. The facility
has an excellent dual seawater system, a
29-bed dormitory, good access to high
salinity water, and is close to relatively unspoiled lagoons and barrier isl ands.
In addition, VIMS leases over
100 acres of subaqueous bottom. Some of
the wet labs and work areas are situated
i n an old oyster house.

The Library currently contains some
31,000 books and bound journals and offers extensive interlibrary loan and
literature search services through the
Virginia State Library Network, the on1i ne Computer Library Center ( OCLC), and
DIALOG. It is a depository for nautical
charts and topographic maps of the area.
The Chesapeake Bay Bibliography is compiled by the Library staff and stored on
the Institute' s computer. It is a data
base that allows local generation of
lists of references on the basis of numerous key words. When moved to the new
Marine Science Services Building in
1984, the Library wi 11 expand from approximately 3,500 square feet to approximately 8,400 square feet of floor space.
The Institute's Computer Center is
a resource that was specifically designed for use by the scientific collllluni ty. It features hardware and software
that is co'nfigured for scientific appl ications in a user- oriented, interactive
environment. The heart of the system is
a PRIME 850 computer wi th 4 MB of main
memory, three 300 MB disk drives, one 80
MB disk drive, and two 800/1600 BPI magnetic tape drives . The peripherals that
are housed in the computer center include a Houston Instruments COt,iPLOT 22inch pen-plotter, a Data Products 600
IPM printer, and a Tektronix 4015
Graphics Terminal with hardcopy unit.
Software items include the PRIMOS operating system and prograllllling languages
such as FORTRAN 77 anci PASCAL with on1i ne computational subroutines, graphics
and data management packages including
IMSL, SPSS, SURFACE II, and SIR. Access
to the PRIME is through serial RS-232
ports, both di al-up and hard connected.
There are many remote terminals and microcomputer
devices
throughout
the
Institute.
The fleet of research vessels operated by the Institute's Vessel Operations group includes about thirty boats .
These range in size from small , aluminum
jon boats and inflatables to an 80-foot,
steel-hulled vessel. The three largest
vessels are di ese 1- powered and are operated by professional crews .
All other
vessels are trail erab le and may be operated by scientific personnel. Dockside
facilities at VIMS include a pier and
small boat basin where docking, fueling,
and equipment 1oadi ng are conducted and
where shore electrical-power and crane
services are available. The facilities
also include a well equipped marine main-

tenance shop, a diving 1ocker, and an
operations office with VHF-FM, HF-SSB
and citizens band radio equipment fo;
ship-to-shore conrnunications.
Vessel
descriptions are as follows:
R/V TERN - 80 x 24 x 5 - foot twin screw,
steel hulled, former U.S. Coast Guard
buoy tender of 168 gross tons. A mobi 1e
gantry crane with twin booms travel s
over the full 1ength of the 60 x 22-foot
working deck. The five-ton lifting capacity extends over both sides in addition
to the stern.
A macro-hydrographic
winch which handles approximately 2,000
feet of wire cable is aboard. There are
l i vi ny accommodations for twelve sci enti sts and crew.
Power needs are supplied by 125 HP hydraulics and 40 Kw
electric generators driven by diesel
eng i nes.
R/V LANGLEY - 44 x 15 x 4 -foot twin
screw, fiberglass hulled vessel. There
is a large 16 x 12- foot lab space with
built-in scientific equipment for both
electronic and wet work. A 2CJ Kw electric generator provides more than adequate power for scientific and vessel
systems.
The vessel is equipped with
radar, microprocessor LORAN-C, air conditioning and heating, hot and cold running water, and an all electric galley.
The vessel is on loan fran N.A.S.A. and
has the same name as one of the Institute' s earlier vessels .
R/V CAPTAl N JOHN SMITH - 42 x 14 x 4foot single screw, fiberglass hulled vessel. A large unobstructed working deck
aids over-the-side operations. The mast
and boom have a 3, 000- lb. 1i fti ng capacity through the use of hydraulic
winches.
Electrical needs are met by a
3 Kw sine-wave inverter. Electronics include radar, microprocessor LORAN-C,
track pl otter, and seawater temperature
display .
R/V ALBEMARLE - 24 x 8 x 2-foot twin
screw, fiberglass hulled, high speed vessel • Twin 235 HP outboard engines provi de the capability to conduct quasisynoptic surveys over a large area.
Area-to-area running speeds average 45
knots. The deep-V hull design offers a
comfortab1e ride even under adverse sea
conditions. An instrument space forward
houses an array of electronic equipment
including LORAN-C and a Neil Brown CTD
system.
Radar and a precision survey
fathometer are also on board.
13

Field work is greatly enhanced by the addition of such versatile platforms as the new Garvey vessels.

RESEARCH GARVEYS (3) - 26 x 9 x 1-foot
single screw, fiberglass hulled work
boats.
These vessels are exceptionally
stable,
shallow-draft research platfonns . They are powered by 235 HP outboard engines which enab 1 e top speeds of
nearly 30 knots.
E.ach pi 1 ot house has
room for 5 persons (3 may sleep aboard).
Bilges are comp letely filled with polyurethane foam, pro vi ding about 6,000
lbs. of positive buoyancy.
DC electric
generators supply power for dual winches
and sine-wave inverters.

14

The Institute continued to operate
a U6A DeHavilland Beaver aircraft on
loan from the U.S. Navy.
The aircraft
served as a stable platform for a 9- inch
format mapping camera or a pair of vertically mounted 70 nm Hasselblad cameras.
Additionally, the aircraft provided
capabilities for monitoring the shore
zone and efficient transportation within
the Chesapeake Bay area. It was of inva 1 uab 1e benefit to the program for
tracking and surveying sea turtles.

There are active mariculture laboratories
at both Wachapreague and
Gloucester Point.
The fac ility at the
main campus speciali zes in raising oysters for toxicological and experimental
use. This mariculture lab works in association with the Institute's al3ology
laboratory which maintains a collection
of pure cul tures. The mariculture laboratory at Wachapreague is used for those
species requiring higher marine salinities than available at Gloucester Point .
Field equipment items in the Department of Physi cal Oceanography and Environmental Engineering include 36 older
genera ti on, film-recor ding, savoni us rotor, Braincon current meters; 6 General
Oceanics Model 6011 winged current meters; 3 Ende co Model 110 tethered, fi lmrecording current meters; a Neil Brown
CT0/00 system wi th spare under\'.iater
unit; a l arge array of water sampling
bottles including a multi-bottle rosette
system, al so by General Oceanics; and 5
Fischer and Porter Model 1551 tide recorders.
The department also has a
40-foot (12 meter) circulating flume
with 3- foot ( 0. 9 meter) square cross
section that is used primarily for instrument calibrations. Adjacent to the
flume is a machine shop and an electronics workshop.
The Department al so operates a
water quality laboratory for nutrient
analyses using both wet and dry lab
equ ipment.
Among the equipment items
are a macro Kjel dahl system, LE.CO carbon
and sulfur analyzers , and a Technicon
Autoana l y1.er II with manifolds for arrrnoni a, nitrite, nitrate, and dissolved
silica.
The Department of Geological Oceanography maintains a sediment analysis
laboratory with sieving and pipetting
equipment, drying ovens, a rapid-sandanalyzer fitted with a Cahn electronic
balance, a Coulter Model TA II particle
size analyzer, and a CAT-100 video digi tizer for particle shape analysis.
An
extensive library of remotely- sensed
imagery and associated viewing equipment
is maintained. Field equipment items include a Raytheon Model DE-719 precision
survey fathometer, a Raytheon Model
RTT-1000 shallow water sub-bottom profi 1i ng system with 7 and 200 Khz transducers, a 40-foot (12 meter) vibracoring
device, gravity corers, a nuclear density-probe used in the study of fluid

muds , and 3 Marsh-McBirney electromagnetic current meters.
The Department of Chemical Oceanography has exce 11 ent, but aging, facil iti es for research on trace amounts of
organic chemicals and heavy metals .
Major instrument systems include 6 gas
chromatographs for capillary operation,
spitless and on-column injection , as
well as an array of detectors.
All
chromatographs are interfaced through
digitizers to an HP 3354-B Lab Automation system for data storage and processing.
Other systems include an HP
Model 1084, high performance liquid
chromatograph, an Autoprep Model 1001,
gel-permeation
chromatograph
and
a
computerized
ga s
chromatograph-mass
spectrometer system.
The Department of Coastal and Estuarine Ecology maintains and operates
both a scanning (SEM) and a transmission
electron microscope (TEM). The AMR 1000
SEM is used in a wide variety of programs and applications. The Hitachi TEM
serves in taxonomic and cell structure
studies .
Equipment such as a Torr X-ray unit
for the analysis of box cores is available in other departments.
Similarly,
VIMS ' scientists have access to facili ties at the College of William and Mary.
The
Institute
frequently works
closely with other research organizations in the Chesapeake Bay region.
There are numerous arrangements, both
fonnal and infonnal, for sharing and
joint use of equipment and facilities.
The Institute is a charter member of the
Chesapeake Research Consortium,
Inc.
VIMS al so is a member of the NOAA sponsored Southeastern Consortium for Undersea Research (SECURl) and participates
in the Virginia Sea Grant Program as a
member of the Virginia Graduate Marine
Science Consortium.
VIMS' scientists
al so have access to the SECURE program's
Southeastern Undersea Research Facility
(SURF) operated by the University of
North Carolina.
SURF operates an advanced
diver
support
vessel,
the
SEAHAWK, that pennits stage-decompression diving utilizing an open bell connected by umbilical to the ship. Mixed
gas capabilities are available upon request to extend diving operations to
greater depths.
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EROSION
For more than 15 years the Virginia
Institute of Marine Science has pursued
answers to questions concerni ng the nature and causes of shoreline erosion and
ways of combating the problem .
The
starting point of the form a 1 program was
a s tudy of how big a prob1em s ho re 1i ne
erosion actually is .
The results were
startling.
In the 100 years from 1850
to 1950 , Virginia lost 27,000 acres of
land.
Virginians lost s horeland at
rates as high as 10 feet per year. This
raised the question as to how 1andowners
were handling this 1oss . After a pilot
study, geo log ists at the Institute began
assessing these problems in a series of
Shoreline Situation Reports which cove red the 5,UOO miles of the Commonwealth's tidal s horeline.
From this
grew the real i za ti on that, for the most
part, shorefront landowners were effecting changes with littl e or no professional advice.
What evolved at VIMS was a
free advisory service relating to shoreline erosi on and accre tion .
This service
placed
particular
emphasis
on
teaching the landowner about the coasta1
processes and
the potenti a 1 changes
which could be expected if he/s he altered the natural system.
In addition,
scie ntists began research to develop low
cost techniques for controlling erosion.
These experi ments not only produced
changes in materi a 1 s used by marine contractors but y i e lded new concepts in
structures and the r eac tion of the shore1i ne to them.
In 1978 the General Assembly recognized the seriousness of the erosion
problem and appointed a joint legis l ative study corrmiss i on.
The Institute
played a major role in the deliberations
by providing the results of the studies
and the experti se and observation s of
the geologists on the staff.
The outgrowth of the study was the enactment in
1980 of legislation specificall y address ing the questions of knowledge,
re s ponse, and management of the Commonweal th' s shores.
One el ement of the legislation is
for VIMS to provide adv i ce to the Soil
and Water Conservation Corrmission on matters of shore 1 i ne erosion as t hey affect
the private l andowner .
In addition,
VIMS' geologists and the Corrmission's engineers es tab 1 i shed 23 sites to test the
effecti ve ness of marsh grass in combat; ng shore1 i ne erosi on . These experi men-

.tal planting s represent the first time
s uch a technique has been tested in the
full range of wave conditions found in
Chesapeake Bay and its tributaries .
This year is the second in a 5-year
study.
Meeting another directive requi red
mounting a large field study to locate
potenti a 1 sources of beach quality sand
in lower Chesapeake Bay.
The project
involved use of the Institute's vibracorer, a large device requiring a tall
crane operated from a barge. The vibracore y i elded up to 40-foot by 4-inch
samples of the subbottom. Cross referencing the l ayers in these samples
allowea mapping of the various deposits
bel OH the ~ay ' s bottom.
Initial projections indicate over 100 million cubic
yards of beach quality sand below the
surface of t l1e 1ower Chesapeake Bay.

•

The 1 ast mandate of the 1980 l egisl a tion concerns the public beaches of
the Commonwealth.
Although there are
5,UUO miles of tidal sho r eline, onl y
21.9 miles or 0.4 percent are accessibl e
to the pub 1 i c.
Approximately ha1f this
1 ength of beach experiences severe erosion.
In recognizing the value of publ ic beaches as a resource of the Commonwealth, the General Assembl y established
the Corrmi ss ion on the Conservati on and
fJeve l opment of Pub 1 i c Beaches.
I ts pri mary function i s the equitabl e di stribution of funds in the form of matching
gra nts to eligibl e localities .
VIMS
a ids in this effort by providing technical assistance to the localities and reviewing the technica l aspects of their
proposals. An important element of this
support function was the establi shment
of a Coasta l Archives and Coastal Information System.
The frequently updated
arc hives contain hi storical information
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on changes in the shoreline through
time.
The infonnation system receives
present day data on forces such as waves
which alter a beach and the responses of
the beaches to these forcing mechanisms .
The goal of these programs is t o be able
to predict shoreline geometry and thereby develop the best management alternatives.
Crucial to the success of these
programs is the basel ine data collected
by the localities as part of their beach
monitoring programs.
In addition, the
Institute is pursuing a program designed
to record the mechanisms which force the
natural changes of the shore. Studying
the response of in-place projects gives
pas i ti ve feedback to the advice the Institute renders to the Commission .
Severa l northeast storms over the
past winter have once again brought the
process of shoreline migration, more commonly referred to as shoreline erosion,
to the attention of the owners of coastal, waterfront property in the Commonwealth.
The ocean-front community of
Sandbridge in Virginia Beach received
moderate damage.
High water and 3- to
5-foot breaking waves removed much of
the existing beach, eroded dunes, exposed septic tanks, severely damaged
bulkheads,
and
undermined
cottages.
Sim ilar problems were experienced on
shores fronting Chesapeake Bay, espe-

cially the secti ons between Cape Henry
and and Wi 11 oughby Spit and along Grandvi ew which have fetches up the Bay of
approximately 125 miles.
Many shorelines along the trunk
estuaries retreated in the face of this
winter ' s storm activity.
The south
( north facing) shores of the James,
York. Raooahannock, and Potomac rivers
are more severely affected by erosion
than the north (south facing) shores.
Historical erosion rates, as given in
the accompanying table, show that the
southern shores are eroding at two to
three times the rate of the northern
shores. The reason for this is that the
southern shores are directly exposed to
winds coming from the northeast, north,
and northwest.
These winds are the
strongest and of greatest duration and
usually occur during the late fall, winter and early spring.
Precise measurements for one short
segment on the southern shore of the
James River show 5 feet of retreat during the northeast storm of October 25 ,
1982.
Another site on the south shore
of the Potomac River near Hull Creek
shows an annual loss of 4 feet per year.
There is a close relationship to the
fetc h and the erosion rate of a given
shore.
In general • the greater the

Storms carry the potential of economic cost in reconstructing beaches eroded by the force of breaking waves.
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AVERAGE SHORELINE EROSIO~ RATES, TIDEWATER, VIRGINIA
YORK RIVER

JAMES RIVER
Erosion Rates

Erosion Rates
North Side
Gloucester Co.
King and Queen Co .
Average
South Side
York Co.
James City Co.
New Kent Co .
Average

-0.5 ft/yr
-0.3 ft/yr
-0 .4 ft/yr
-0.9 ft/yr
-1.8 ft/yr

-0 .9 ft/yr

-1.2 ft/yr

North Side
Newport News
James City Co.
Average
South Side
Isle of Wight Co.
Surry Co.
Average

-0 .8 ft /yr
-0 .1 ft/yr
-0.45 ft/yr
-1.8
-1.2

-1.5

ft/yr
ft/yr
ft/yr

RAPPAHANNOCK RIVER
Erosion Rates
North Side
Lancaster Co.
Richmond Co.
Average
South Side
Middlesex Co.
Essex Co .
Average

-0.6 ft/yr
-0 .6 ft/yr
-0 .6 ft/yr
-1.0 ft /yr
-1.2 ft/yr
-1.1 ft /yr

CHESAPEAKE BAY
Erosion Rates
Western Shore
Gloucester Co.
Hampton
Lancaster Co .
Mathews Co.
Northumberland Co.
York Co.
Average

-0.6 ft/yr
-1.0 ft / yr
-1.4 ft/yr
-0.8 ft/yr
-1.0 ft/yr
-1.5 ft/yr
-0. 9 ft/yr

Erosion Rates
Eastern Shore
Accomack Co.
Northampton Co .
Fisherman's Island
Average
Southern Shore
V1rg,n1a Beach
Norfolk
Average

-1.5
-0.7
+ 11
-1.0

ft /yr
ft/yr
ft/yr
ft /yr

-1.7 ft/yr

-1.2 ft/yr

-1.4 ft/yr

fetch, the higher the erosion rate.
Tankards Beach on the Bay side of the
Eastern Shore has an average fetch of 22
nautical miles.
The composition of the
fastl and bank is very sandy and offers
little resistance to waves driven by westerly winds. The rate of erosion here
has been 21 feet per year for the past
two years.

bulkheads, revetments or groins. In contrast, the creation of a marsh fringe
may only be $5. 00 to $20.00 per linear
foot. As previously mentioned, for the
past two years VIMS has monitored 23
test sites where marsh grass has been
planted to abate shore erosion.
The
Virginia Soil and Water Conservation Commission funds the project and is the
lead agency.

Costs for traditional methods
shoreline defense can run from $40
$200 per linear foot. These methods
shore protection include emplacement

The use of marsh grasses to control
eros ion is by no means new.
However,
the Vegetative Erosion Control (V EC )

of
to
of
of
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Project is geared to determining the ap-.
plicable range of this "low cost" method
of defense. Smooth cordgrass ( Sparti na
alterniflora)
and
saltrneadow
hay
(Spartina patens) are the two species
that have been p1anted.
Smooth cordgrass grows best between mean high water
and mean ti de 1eve1 • Sa1trneadow hay occupies a position above mean high water.
The success of these p1anti ngs wi 11 be
measured by how effectively they stop
erosion of the adjacent bank . According
to the 1iterature it may take three to
four years before a p1anted marsh fringe
is firmly established.
In some cases,
we have already seen significant accumulation of sand across the toe of eroding banks due to the emplaced marsh.
This , of course, reduces wave action
working on the bank .
A 15- foot wide
marsh fringe can reduce wave action as
much as 70 percent.
Of the 23 sites, four were tota 11 y
washed out by wave action during their
first year. They all had a fetch greater than 5 nauti ca1 mil es. Thus, a fetch
of more than five miles will generally

---

20

exclude a shore from this type of shore
defense.
Generally, a marsh can be
easily established along creek shores
with less than a 1-mile fetch if sun1ight is sufficient and boat wakes are
not frequent. The mid- length fetch situation, between 1 and 5 miles, includes
much of the shoreline along the trunk
estuaries. The need to determine site
suitability on these shores is important
to the waterfront 1andowners and to
those agencies which advise the waterfront landowners.
Erosion·· research at VIMS includes
searching for and evaluating the offshore supplies of sand, researching low
cost erosion control methods, investigating the physical processes of coastal
change, determining the geographic evo1ut ion of Virginia's coastal shorelines,
and studying sand transport and inlet
hydraulics.
The results of this research will benefit both future studies
and the present and future owners and
managers of the Commonwealth's coastal
lands.

SUBMERGED AQUATIC VEGETATION
To the weekend boater or waterfront
homeowner, underwater pl ants may be regarded as a nuisance when tangled in
their prope 11 ers or washed up on their
beaches.
However, these plants provide
shelter and food for fish , crabs, waterfowl, and a variety of other valuable
animals while also helping to prevent
erosion of beaches and shorelines.
In more scientific terms, the name
submerged aquatic vegetation ( or its
acronym SAV) refers to a group of vascu1ar plants which are like many land
plants except that they live entirely
underwater.
They are true flowering
plants and should not be confused with
the algae commonly called seaweed. Aquatic grass or seagrass, as SAV frequently
is called, predominantly inhabits shallow waters throughout the world but can
occur in depths greater than 30 meters
( 100 feet) as long as there is adequate
light for photosynthesis.
Depending on
the species, these plants grow in a wide
variety of sediment types and in sal inity regimes ranging from truly marine to
fresh water in tributaries and ponds.
Despite the fact that beds of SAV occur
in widely differing physical and chemical environments, they have many similar
values.
- Many SAV species are important as
food for waterfowl such as ducks
and geese and for many turtles including several species of large
marine turtles.
- SAV beds support a diverse and
often dense conmunity of invertebrates which in turn are a food
source for larger predatory species
of commercial or recreational importance such as crabs, fish, and
birds.
SAV provides a refuge and living
area for the young of many conmerci a 11 y important animal species and
are therefore considered nursery
grounds for these species.
- Submerged grasses act as nutrient
buffers by taking in and utilizing
many of the nutrients found in the

water.
- They are a vital natural resource
serving to stabilize sediment and
helping to mediate shoreline erosion.
Ten species of SAV occur in Chesapeake Bay and its tributaries.
They

SA V Specialist, Dr. Robert Orth, studies marine
vegetation.

grow in a variety of shapes from
branched fonns such as redhead grass
(Potamogeton perfoliatus) to the ribbon-like
eelgrass
(Zostera
marina).
Because the relatively turbid conditions
in the Bay limit light penetration, most
vegetation grows to a depth of only two
meters ( approximately 6 feet).
Species
are distributed primarily according to
their tolerance to salinity.
In the
Virginia portion of Chesapeake Bay two
species of SAV predominate: eelgrass
(Zostera marina)
and widgeon grass
(Ruppia maritima).
Interest in SAV sparked in the early 1970's when both private citizens and
scientists noted the rapid disappearance
of once luxurious stands of the rooted
vegetation.
As a result of their decline, the U.S. Environmental Protection
Agency identified research on the functional ecology of SAV as a primary goal
of the Agency's 5-year Chesapeake Bay
Program. Between 1978 and 1982, scientists at VIMS engaged in research directed at examining aspects of the ecology
of SAV including:
the historical and
current distribution and abundance of
SAV throughout the Bay; the functional
aspects of SAV in the Chesapeake Bay
ecosystem; the reproductive biology and
ecology of several seagrass species; and
21

tne role of diminishing light quality
and increased usage of herbicide as possible causative agents in the decline of
SAV.
Prior to the EPA' s Chesapeake Bay
Program, little support was available
for research on Vi rgi ni a' s SAV coR111uni ties. The EPA program provided scientists .4t VIMS . a ID'lique opportunity to
expand the knowledge of Chesapeake Bay's
SAY systems.
Research into the historical abundance of SAY rev ea1ed that the dee1 i ne
which occurred within the last decade is
unprecedented in the Bay's recent ( 1ast
300 years) past.
While other largescale changes have occurred in the distribution and abundance of submerged
vegetation, none of the historical declines have included so great a spectrum
of plant species.
The shoal areas of
the Rappahannock and Piankatank rivers
as well as much of the York River which
once supported dense stands of SAV currently
are
devoid
of
vegetation.
Coincident with the demise of SAY were a
decline in the abundance of waterfowl
species normally associated with seagrass beds, a decrease in the harvest of
peeler crabs, below average catches of
hard crabs, and accelerated shoreline
erosion.
Fortunately some vegetated
areas in the lower Bay ·still persist.
Extensive grassbeds can be found at the
mouth of the York River, in Mobj ack Bay,
and along the Eastern Shore portion of
the Bay, particularly around Tangier
Island.
These areas provide natural
sites for further scientific research
into the resource value of SAV.
They
also produce natural propagules (seeds
and washed-out plants) for potential
revegetation of fonnerly vegetated shoal
areas and provide an important source of
material for transplanting.
Research on the importance of seagrass beds to other species in Chesapeake Bay revea 1ed that these grassbeds
support one of the richest benthic (bottom dwelling) comm uni ti es of any Chesapeake Bay habitat. Further work on the
feeding habits of numerous predatory
species (spot, trout, sand-bar sharks,
flounder, blue crabs, and buffleheads)
associated with grass beds has shown
that the dense and diverse assemblage of
invertebrates such as wonns, snails,
shrimps, and crabs are a primary food
source for these predators. Thus, seagrasses indirectly pro vi de an important
22

trophic link in Chesapeake Bay's food
webs. In addition, studies at VIMS have
shown that seagrasses provide protection
from predators for numerous species and
that, i n lower Chesapeake Bay, these
grassbeds are particularly important as
nursery areas for sma 11 , 3 to 50 mi 11 imeter (3/8-2 inch), blue crabs which
overwinter in the grassbeds rather than
migrate to deep channels as do their
adult counterparts .
The continued decline of SAY could mean not only a loss
of an important hab itat for the animals
associated primarily with the grassbeds,
but could also impact the long-term production of Chesapeake Bay blue crabs .
Our research has shown the standing
crop is greatest in June.
Flowering.
seed production, and seed re 1ease occur
progressively from April to June as
water temperature increases . Seed gennination does not actually occur until the
cooler months of the year beginning in
late October and continuing through
March.
Although daily fluctuations were
great, studies involving light indicated
that a seasonal component to 1ight quality ane1 quantity existed.
In general.
light attenuation (reduction through the
water column) increased in the spring.
This reduction in light potentially
could affect the growth of SAV during
the spring and early summer. Research
also showed that epiphytes (primarily
microscopic plants and animals living on
seagrass blades) could further reduce
the amount of light avai lable to SAV for
photosynthesis.
The addition of dissolved nutrients to the water colunm
under experimental conditions increased
the growth of epi phy tes.
This led to
the hypothesis that nutr-i ent enrichment
of Chesapeake Bay waters was partially
and indirectly responsible for the decline of SAV in the Bay. Other experiments show that organisms which graze or
feed on epiphytic material reduce fouling on eelgrass blades and, in turn, increase the growth of the plants. Thus,
to some degree, grazing appears to be a
natural counter effect to the prol iferation of epi phytes. An understanding of
such re 1ati onshi ps may be important in
management efforts related to SAV habitat s .
When epiphytic fouling becomes
excessive, SAV experiences reduced vigor
which may ultimately lead to the death
of the plant.
Herbicide research indicated that
while 1arge amounts of herbicides were

being used by farmers , concentrations in
the Bay and its tributaries did not approach l evels determined by laboratory
and field studies to cause permanent damage to SAV.
Exceptions occurred after
rains terms in watersheds i rrmedi ate 1y adjacent to cultivated land to which herbi cides had recently been applied .
Although herbicides may not be a principal
cause in the decl ine of SAV, they may
act in concert with other factors which
could contribute to the demise of seagrasses.
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With the termination of the EPAfunded Chesapeake Bay Program, a special
appropr i ati on from Virginia's General
Assembly maintained the momentum of SAV
research at VIMS during 198c and 1983.
Our current research is multidimensional and includes aspects of transplanting and determining the resource
value of SAV habitats, particularly to
blue crabs.
A pilot proj ect, cond ucted
during t he Chesapeake Bay Program study
to assess the feasibility of replanting
eelgra ss in areas along the western
shore of the Bay where it once occurred,
indicated that fall transplants were
more s uccessful than those planted in
the spring.
The addition of a sl owrelease, commerci al fertilizer to transplants enhanced plant growth. The unsuccessful attemp t s to reestablish plants
in some areas were due to decreased
l evel s of light available to the plants
which occurred primarily during the sum..:
mer months. Based on partially successful attempts to transplant seagrasses,
we have identified additional sites with
su itable water quality for future transplanting efforts.
The goals of the eelgrass transplanting program being conducted at VI MS
are : 1) to streamline and refine transplanting techniques in an attempt to enhance success and maximize the effici ency of our transplanting efforts; 2 ) to
use small- scale transplanting efforts as
an experimental tool for l earning which
areas are suitable for tran sp l anti ng e f forts and for understa nding why some
areas may be successful while others may
not; 3) to reestablish vegetation in
areas thought to be suitabl e for transplanting; 4) to solicit the help of citizens in large-scale transplanting efforts and to advi se and encourage other
interested groups in simi l ar efforts;
and 5) to monitor and understa nd how newly reestablished grassbeds affec t the re-
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Distribution of submerged aquatic vegetation
beds in Chesapeake Bay 1965.

cruitment and maintenance of assoc iated
animal communities and enhance the productivity of the Bay in general.
The total lack of vegetation in
many areas of Virginia's waters, parti cul arl y along the seaside of the Eastern
Shore may preclude any natural revegetati on due to an absence of propag ul es.
Any reestablishment of seagrasses in
s uch areas may depend wholl y on transplanting assuming that conditions are
sti 11 favorable for seagrass growth.
Currently we are mo nitoring two
areas along the western shore of the Bay
whi ch were rep l anted in the fall of
1982.
The first site is at Gloucester
Poi nt in front of VIM~ where both the
1982 plot and a test plot planted in
1979 appear healthy and are expanding.
The second is off Mumfort Island, two
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miles upriver from VIMS.
Al though attempts to plant eelgrass here in 1979
were unsuccessful , transp 1 ants from the
fall of 1Y82 appear to be doing well.
Since the spring and sulllller months are
critical in the growth cycle of eelgrass, both areas will be closely monitored for 1i ght quantity, temperature,
salinity, and epiphyte fouling .
Three ~tes, one near Parramore
Is 1 and and two adj a cent to Hogg Is1 and,
along the seas ide of the Eastern Shore
were preliminarily revegetated in the
spring of 1983 with eelgrass from Chincoteague Bay.
The selection of sites
was made with the help of Mr. Archie
Bradford of Exmore, Virginia, who spent
many hours compiling anecdota 1 i nformation from older Eastern Shore watennen
concerning
the
prolific
bay-scallop
fishery associated with eelgrass beds
prior to 1932.
After 1932, due to unknown circumstances, a pandemic decline
of eelgrass occurred and along with it
went Virginia's bay-scallop fishery . Additional experimental plots of eelgrass
will be planted in the fall of 1983. If
successful, large-seal e efforts will be
attempted with an eye towards possibly
reseeding grassbeds with bay scallops
spawned at VIMS' s Eastern Shore Laboratory.
Current research at VIMS related to
SAV also is directed at examining the
seasonal changes in abundance of various
sizes of blue crabs in a natural grassbed and an adjacent marsh creek, an unvegetated sand fl at, and a bed of transpl anted grass. The natural grassbed and
marsh creek efforts are being emphasized
to determine the relative contribution
of each type of habitat to the blue crab
fishery.
Results of monthly sampling in
these two areas s i nee October, 1982 reveal dense concentrations of juvenile
blue crabs in the SAV bed, but not in
the marsh creek throughout the winter.
Monthly sampling in these habitats ·wi ll
continue throughout the sulllller. Experi mental work will attempt to detennine :
1) the relative role of predation on
structuring blue crab populations in
both marsh creeks and grassbeds; 2)
residence times and movements of crabs
in and between each habitat; 3) roles of
growth in each habitat; and 4) the effect of different densities of SAV on·
the utilization of grassbeds by various
sized blue crabs.
Results of monthly
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Distribution of submerged aquatic vegetation
beds in Chesapeake Bay 1980.

sampling efforts and experimental work
wi 11 help us to better understand the
role of various Chesapeake Bay habitats
and their contribution to Chesapeake
Bay's blue crab fishery.
The future of submerged aquatic
vegetation in the Bay wi 11 depend on a
clearer understanding of plant function
and plant responses to both man-made and
natural perturbations. Effective management of these productive systems will
require knowledge of how they affect commercially and recreationally important
species such as the blue crab. Research
efforts on SAV by scientists at VIMS are
providing some of the answers to many of
the intriguing questions being posed
about these dynamic and productive habitats.

HARD CLAM CULTURE
When Europeans first came to North
Amer ica, they found that the I ndian
tribes li ving along the Atlantic Coast
from New England to Virginia made colorful beaded belts cal led wampum which
were used as currency.
Cyl i ndri cal
beads, usually about one-thi rd of an
inch in diameter and one-eighth inch
thick with a hole drilled through the
center for stringing, were ground from
shells. Beads made from the purple area
of the hard clam shell were much preferred.
This black wampum had two or
three times the value of white wampum
made from whelk or other she 11 s. Ori gi nally, the Indians used wampum in the
form of l ong, wide belts or ornaments or
to record declarations, treaties, or
transactions between Indian
nations .
However, soon after the arrival of the
European settl ers and traders, wampum
was used as currency, along with other
items such as beaver pelts and musket
balls.
Early colonists accepted wampum
as currency .
Records show a six- foot
strand had a value of about five shi 11ings.
In the early 170CJ's wampum was
sti 11 accepted as fare on the Brooklyn
ferry.
The hard cl am, Mercenaria mercenari a, is native to the sha 11 ow bays and
inlets in the low central latitudes of
the Western Atl antic from Cape Cod to
the Gulf of Mexico. Its scientific name
Mercenaria, which is the Latin word for
wages, was derived from the use of cl am
shells as currency.

laboratory at Mil ford, Connecticut, and
by Joe Glancy, a biologist and oyster
grower who had worked with We11 s .
In
recent years cl am culture has continued
at a nullt>er of institutions and private
enterprises.
Begi nning in the late 1950 's, hard
cl am harvests started to decline from
over 21 mill ion pounds of meats in 1950
to 13 mill ion pounds in 1980. The decline in hard clam harvests was probably
due to a combination of overfishing, pollution, and degradation of the environment in traditi onal
clam harvesting
areas .
Despite thi s decline in catch,
the value of clams landed dramatically
increased from a dockside value of
$7,300,000 in 1950 to $44,100,000 in
1980.
The market demand for hard cl ams,
especially the smaller little neck and
cherrystone sizes, has increased because
of higher market values and smaller cl am
harvests . Since it is unlikely that new
harvest areas wi ll be di scovered, culture or farming of hard clams has a potential to meet some of the market demand.
Hard clams are unusual among fishery products in that the smaller sizes
(little necks) bring a much hig her price
than the lar ger ones (chowders) . Little
necks are 6 to 7 times more valuable
than chowders. This makes them an ideal
animal for aquacu l ture .

Al t houyh no longer used as currency, hard clams are of considerable value
as an edible fishery prod uct. In fact,
they are µrobab ly worth more now as a
delectable food item than they were as
currency.
In the early 1920's a biologist, W.
F. Wells, working for the New York Conservation Commission. developed a method
to culture cl ams by removing the sperm
in much the same manner as used by fish
hatcheries in which stripped spawn is
mixed with eggs for fertilization .
By
using a rece nt invention, the DeLaval
milk clarifier (cream separator), to remove silt and zooplanktors from seawater, he was ab 1e to grow many co11111erci al mollusks successfully .
The method
was further modified in the early 1950' s
by Dr. Loosanoff and his co11 eag ues at
the National Mari ne Fisheries Service

----..1.Ma.. a-. . . . . . _ - -..t!.--

Culture tanks, Wachapreague Laboratory.
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Atlantic Coast.
They display various
levels of financial success which often
is proportional to the degree VIMS'
methods are incorporated in their operations.
A simple outline of the VIMS ' methods is as follows:
Hatchery Phase

(

Spawning

L~,r,.
..., <I
L/IRV• t

I

.

-'

VIMS' Scientist, Michael Castagna, and assistant
check a batch of bivalve larvae at Wachapreague
Laboratory.

Scientists at VIMS had considerable
experience in laboratory culturing of
Mercenaria and in 1960 began to explore
the feasibility of c0111Tiercial clam culture in Virginia.
Clam aquaculture is normally carried out in three phases.
During the
hatchery phase the cl ams are spawned ,
eggs co11 ected and ferti 1 i zed, and l arva l stages are reared to metamorphosis
or setting.
The post-set clams are
grown in a nursery phase until large
enough to survive in a field planting .
The final field grow-out phase is usually conducted in natural waters.
A review of the literature indicated that the technology for the hatchery
phase was well developed, though not necessarily economical •
Considerable attempts at nursery and field grow-out had
been made, but none were known to be
successful •
In the interest of developing culture methods that would be attractive to
oyster growers, VIMS' scientists focused
on inexpensive, low technology methods
for each phase.
The methods had to be
dependable, and most importantly , had to
be commercially adaptable.
At present there are 5 to 10 relatively new clam growing operations in
Virg i nia with 20 to 25 more along the
26

Fast
growing clams (sharp-edged
she 11 s) are brought into the hatchery in
April and placed in a spawning tray
filled with filtered seawater.
These
~an be wild harvested clams or fast growing clams selected from a previously
planted bed. Clams are induced to spawn
by fluctuating seawater temperature between 22° and 28°C (72° to 84°F) about
every 30 minutes and by adding a few
milliliters (1 / 10 of an ounce) of sperm
suspension from a sacrificed clam before
each temperature change.
The eggs are
:o11 ected and graded for size by draining the water from the spawning trays
through fine mesh sieves. Fertilization
wi 11 have a 1 ready taken pl ace in the
trays.
Eggs are placed in grow-out tanks
where they develop into 1arvae and eventually reach metamorphosis (setting).
During thi s period only filtered seawater which has been allowed to bloom
( incubate) is used for the medium . This
is an old but very economical method of
growing larvae.
Fi 1 tered seawater is
changed on alternate days .
While many
hatcheries grow cultures of unicellular
al gae for larval food, this is often the
m~st expensive step in a hatchery operat i on.
The larvae are sorted on fine
sieves at each water change and any slow
growing larvae are discarded.
In 8 to 12 days the clams will set
on the tank bottoms and are then moved
to the nursery phase.
Nursery Phase
.
In this phase, the cl ams are grown
rn raceways, trays, or upfl owing columns
from the setting size of about 0.25 mm
(0.01 in.) to 8 nm (1 /3 in.), a size
that has a proven record of good survi val in protected, prepared beds .

The clams are held in flowing,
coarsely filtered (50 µ m) seawater.
Food additions are usually not required.
The clams are watched closely and disease, competitors, fouling , and overcrowding are . contro11 ed. After b to 8
weeks in the nursery, the clams are
moved to the field grow-out phase.
Field Grow-Out Phase
In this final phase the small
(8 rrm) clams are placed in prepared beds
on natural bottoms.
The beds are usually 1.5 x 15 m (5
x 50 · ft.) in shallow subtidal areas.
A
4 cm ( 1 1/2 in.) cover of gravel , crush ed marl or crushed shells is spread over
the beds. The aggregate cover furnishes
the small clams protection from predators such as crabs. The clams are broadcast on the surface at about 2200 per
square meter (200 per square foot). In
addition to the aggregate, the bed is
covered with a 0.64 or 1.27 cm mesh plastic net (Conwed® 1/4 or 1/2 in . netting)
which was originally developed to protect fruit trees and grapevines from the
ravages of birds.· This netting prevents
the clams from washing out of the bottom
and also prevents large predators such
as rays from attacking the clams . Plots
without this protection sys tern se1dom
show even a 5'.t survival.
By using a
combination of aggregate and nets, most
beds planted with 8 mm (0 .31 in .) or
larger seed can yield about 7CJ'.t survival
or close to 500 marketable clams per
square meter (140 per square foot). At
these extremely high densities, it takes

about 2 years
market size.

for

the cl ams to reach

We have demonstratea that by using
these methods clams can be grown successfully and economically for commercial
aquaculture. These methods often deli berate l y forgo
newer, more advanced
technology in the interest of cost
effectiveness.
The bottom line is
growing clams to market si ze at a low
enough cost to maintain an adequate
profit margin in today's economy.
The
method developed at VIM~ does this. The
production costs per thousand little
neck clams are under $40, while the
present wholesale market value is $110
to $135 per thousand.
The Wachapreague Laboratory maintains a pilot demonstration project
which is open to the public.
In addition, we give a short practical course
on hard clam farming annually under the
con ti nui ng education program of the
College of William and Mary.
This
course is partially supported by Sea
Grant. VIMS has a very active extension
service which is used by growers on both
coasts of the U.~. and several foreign
countries. It is gratifying to note the
increas ing interest in clam culture not
only in Virgi nia but along the entire
Atlantic Coast from Maine to Florida.
Much of the current technology for
cl am culture is presented in a 1981 VIMS'
publication, "Manual for growing the
hard cl am Mercenari a," by M. A. Castagna
and J. N. Kraueter (available from the
VIMS - Sea Grant Marine Advisory Service).

•
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MARINE. TURTLE~
ENDANGERED SPECIES IN VIRGINIA
Although sea turtles have managed
to survive in essentially unmodified
form since the age of dinosaurs more
than 60 mi 11 ion years ago, today they
are threatened with extinction. Man · has
destroyed the beaches on which they
rest, robbed their nests, killed them
for food, and captured and k i 11 ed them
in large numbers while fishing for other
species. There are five species of sea
turtles found off the East Coast of the
U. S .
The loggerhead (Careta careta) ,
and green turtle (Chelonia mydas) are
classified as "Threatened" on the U.S.
Fi sh and Wil dl i fe Serv ice Endangered
Spec ies List .
The Atlantic ridley
(Lepi dochelys
k meil,
the
hawk~bi 11
(Eretmochelys im ncata), and leatherback
(Dermoche lys
cori acea l
are
11
"Endangered .
All of these marine
turtles are tropical or warm-temperate
animals that cannot withstand winter
temFeratures
l ewer
than
about 10 °C
(50 F).
Consequently, their visits to
Virginia are confined to the warmer
months (usually May-October).

6

'

'

Although VIMS
had been keeping
sporadic records of dead, stranded sea
turtles for years, we did not begin to
study them in detail until 1979.
That
spri ng Dr. John A. Musick and Molly
Lutcavage , a graduate student, began to
document the number of sea turtles
washed up and stranded on Virginia's
beaches and to record the size, species
and other biological information on each
speci men . They al so wanted to know what
was killing the turtles .
With a grant
from the National Marine Fisheries Service they established a network of
cooperating
laymen,
(watermen,
loc al
police, life guards, sanitary workers,
military personnel , etc.) who recorded
data from stranded turtles on standard
forms. From May, 1979 through uecember,
1981 they documented more than 1,300 sea
turtles, of which approximately 640 were
dead .
The most abundant species was the
loggerhead ( 82'.t) , the ri dl ey was second
( 4'.t l , and the l eatherback was third
( about 1'.t ).
About 13'.t of the stranded
turtles were not identified to species
on the forms, but most of these probably
were loggerheads.
All three species
were represented mostly by subadult individuals.
It was impossible to deterWeight and size of dead or stranded turtles provides information on age
of individuals frequenting the Bay.

mine the ca use of death of most stranded
turtles because the carcasses were too
decomposed to allow use of standard forensic techniques.
Many of the turtles appeared to be
emaciated and were covered with barnacles.
These animals probably suffered
from disease and/ or parasites before
death.
A small percentage of turtles
died from wounds inflicted by boat propellers, gun shots, and sharks .
In
1980, 30'.t of mortalities were drownings
attri bu table to the turtles becoming
entangled in the leader sections of
pound nets . Turtles trapped in the head
or heart of the net were safe because
pounds are open to the surface. Trapped
turtles can surface and breathe until
they are rel eased when the watermen
empty their nets of fish.
The pound-net fishermen have been
extremely cooperative with VIMS' researchers.
Dr. Musick and his students
have found that nets with large mesh in
the leader are more likely to entangle
turtles than those with smaller mesh.
However, not all large mesh nets entangle turtles and not all turtles are
vulnerable to entanglement.
Other factors related to l ocal turtle movements ,
s uch as strength and direction of currents and
the health and physical
condition of individual turtles, may
determine whether a certain net ca n be
avoided by a given turtle at any point
in time. In each year of the study , the
vast majority of mortalities occurred
near the first part of June, just after
large nu mbers of turtles entered lower
Chesapeake Bay in response to rising
water temperatures.
Many of these migrants may be sick
and in poor condition from lack of feed; ng while overwintering, and from their
long spring trek up the coast. The weak
turtles may be unable to avoid nets when
swept into them by strong tidal c urrents.
This spring a graduate student,
Sarah Bellmund, began a detailed study
of the physiological condition of turtles as they enter the Bay.
As studies of sea turtles at VIMS
progressed, it became obvious that large
nu mbers of turtles spend the summer in
Chesapeake Bay, but there was little information as to whether they came from
nests on our own extensive barrier beach
system or from elsewhere.
To answer
this question another graduate student,
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Richard Byles, joined our program in
1980 and began a series of weekly aircraft flights during the nesting season
to census all Virginia beaches for turtle "crawls."
This nesting study was
supported by a grant from the City of
Danville, Virginia, through the U.S.
Environmental Protection Agency.
The overflight program showed that
even though there is extensive, protected nesting habitat available to
loggerhead turtles, only a few turtles
nest in Virginia each year .
The most
probable reason for this is that there
is no nearby nursery habitat available
for the juvenile turtles after hatching.
In areas off South Carolina, Georgia and
Florida where there are large nesting
colonies of loggerheads, the young apparently hide in masses of floating
Sargassum weed at the edge of the Gulf
Stream. Juvenile sea turtles hatched in
Virginia would have to swim too far to
find such habitat, and cold weather
probably would overtake them if they
were not eaten by predators during the
long swim.
These findings had an important impact on Federal sea turtle management in
Virginia.
For years the U.s. Fish and
Wildlife Service had transferred turtle
eggs fron the southern nesting beaches
to Chincoteague and Back Bey National

.

~

Turtles are fitted with sonic transmitters enabling
scientists to track their migrations.
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Wildlife Refuge and released the hatchlings there with the hope of establishing nesting colonies of loggerhead in
Virginia.
Our results indicated that
these young turtles would probably die
and never return to nest. In addition,
work done by scientists elsewhere suggested that the temperature of the
turtle eggs during development determined whether the turtles would be male
or female.
The U.S. Fish and Wildlife
Service had not monitored or contro 11 ed
the temperature of their transplanted
eggs, and consequently, may have released all males or all females.
With
these facts in hand , the U.S. Fish and
Wildlife Service agreed to discontinue
its loggerhead egg transplant program,
thus probably saving the 1 ives of thousands of young turtles and saving the
taxpayers money.
If our turtles are not hatched in
Virginia, where are they from? Where do
they go when they depart for the winter?
Researchers at VIMS are attempting to
answer these and other questions with a
sea turtle tagging program.
For the
past several years cooperating pound net
fishermen have been applying special
monel steel tags to the front flippers
of turtles caught in their nets. After
tagging, these turtles are rel eased.
Many have been recaptured in other nets,
some in subsequent summers ( showing some
turtles return to the Bay). Others have
shown up dead as strandings. Other than
two from North Carolina, no tags have
been returned from outside Virginia , but
two loggerheads and one ridley tagged
and released in Florida have been recaptured in Virginia duri ng t he surrmer.
In addition to the standard monel
tags (which look like cattle ear tags),
Dr. Musick and Mr. Byles have attached
small radio and ultrasonic transmitters
to several turtles.
Such studies are
crucial to understanding the behavior of
the turtles while in the Bey.
During
the surrmers of 1981 and 1982, Mr. Byles
tracked turtles from a small boat, dey
and night, sometimes for severa1 days at
a time, and recorded daily locations on
individual turtles for up to 54 days.
This research indicated that most loggerheads reside a1ong channe1 edges,
where they may cruise back and forth for
several weeks with the tide, surfacing
to breathe, grazing on horseshoe crabs,
and loafing in general. Healthy turtles
seem to be ab1e to graze adjacent to
pound net leaders and avoid entanglement.
Using data derived from diving

Each turtle is measured and tagged before being released.

behavior telemetry and aerial counts of
turtles at the surf ace, Dr. Musi ck and
Mr. Byles were able to derive an estimated stock in mid- sunmer of 6 ,OuO
loggerheads in Lower Chesapeake Bay.
When the first severe northerly .
storm strikes the Bay in October, the
turtles swim to the ocean and head south
along the coast. In 1982 VIMS' researchers tracked them as far as Cape Hatteras. From there the turtles may stay
at the edge of the warm Gulf Stream or

mi grate south to Florida for the winter.
Only more research can reveal
the
answers.
This year, with added financial support from the Virginia Non-Game Research
Program, Dr. Musick and his students
will continue their studies on mortality, ecology, and behavior of sea turtles and will begin a new series of
experi ments using satellite tracking to
determine where sea turtles go when they
leave Virginia f or the winter.
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ADMINISTRATION
Research Planning
The major focus of the admini strati on was the development of a research plan for the coming decade.
A
number of task forces, i nvo 1vi ng essenti a 11 y the entire VIMS professional
staff, reviewed the status of knowledge
in Chesapeake Bay, the pressing prob1ems
of Chesapeake Bay and coastal Virginia,
and the needs of the marine industries
and management agencies as expressed by
the questions addressed to VIMS in its
advisory role. From this review a fifteen- pa rt draft research and an eightpart draft monitoring plan was developed
and submitted to appropriate State agencies and industrial representatives for
comment .
The broad aspects of the draft plan
provided the principle budgetary and
resource allocation guidelines for next
fiscal year's programs.
The draft plan
wi 11 undergo revision and fine tuning
during the early part of next year.
Financial Administration
During the fi seal year ending June
30, 1983, VI MS continued to enhance its
utilization of the State's functional
progranmi ng system in preparation to
support the detailed 10-year . research
plan. The planned financial system will
support the scientific research plan by
providing the managerial and financial
i nfonnation necessary for the establishment of research priorities and missions.
Concurrently, a unifi eel budgetary
process
providing
coordination
between State and sponsored research
funds was initiated.
Sponsored Research Administration
Sponsored Research activity tabulated by categories (geographic, mandated
functions, and subject areas) is reflected in the following table. This type of
data which includes funds of all categories is recast to provide appropriate
information ft5r planning, review, and
evaluation to assist in attainment of
the Institute's research objectives.
During the fiscal year ending June
30,
1983,
the
Institute
received
$1,275,715 for 34 new grants or contracts and $167,948 on 10 continuing
32

Principal Investigators are assisted by the Sponsored Research Office in monitoring the financial
progress of research.

projects
for a combined total
of
$1,443,663 .
As the duration of individual projects often does not follow the
fi sea1 year, grant and contract ex pen di tu res during the year need not ba1ance
with the awards. Each project, however,
must maintain a balanced budget.
A 1 i sting of research projects and
their sponsors is found in the Appendices.
Physical Plant and Property
In December, 1982, ground was broken for the Marine Science Services
Building which had been sought by the
Institute for several biennia. The $4.ll
million building will provide modern
faci l ities for the graduate and public
education programs of the School of
Marine Science and house the Institute's
Marine
Advisory
Services,
Computer
Center,
Library
and
Administrative
offices.
A1so in December, the Commonwea 1th
approved the expenditure of funds to
make several badly needed repai-rs to the
Insti tute grounds.
Among the projects
approved were shoreline protection of
the entire eastern waterfront of the
Institute, repairs to the walls of Byrd

•

SPONSORED RESEARCH ACTIVITY EXPENDITURES
EXPENDITURES BY LlUTIES LISTED IN THE CODE OF VIRGINIA
SUMMARY REPORT
July 1, 1982 - June 30, 1983
Seafood, Conmercial and Sport Fishing Industries
Conservation and Uevelopment of Fisheries Resources
Problems in Other Segments of Marine Economy
Marine Pollution Studies
Hydrographic and Biological Studies
Research in Marine Science
Special Studies Requested by the Governor
Tidal Shoreline Erosion Research
Professional Development, Education and Training

$ 436,600
332,600
68,600
316,000
322,200
311,800
-0-0-

291,100
$2,078,900

EXPENDITURES BY SUBJECT MATTER
SUMMARY REPORT
July 1, 1982 - June 30, 1983
Fisheries
Recreation
Water Quality and Pollution Control
Transportation
Conservation and Management
Wetlands and Subaquatic Vegetation
Erosion and Sedimentation
Hydrological, Geological and Meteorological Phenomena
Other

$

686,000
83,200
498,900
62,400
291,000
41,600
79,000
66,500
270,300

$2,078,900
EXPENDITURES BY GEOGRAPHICAL AREA
SUMMARY REPORT
June 1, 1982 - June 30, 1983

'

Water and Resources Other than the Atlantic Coast and Seaboard
Water and Resources of the Che sapeake Bay
Chesapeake Bay Tributaries in General
Hampton Roads - Elizabeth River Area
Lynnhaven Bay - Little Creek Area
James River
York River - Mobjack Bay Area
Rappahannock River
Potomac River
Water and Resources of the Atlantic Coast and Continental Shelf

$ 395,000
353,400
249,500
145,500
20,800
207,900
145,500
103,900
83,200
374,200
$2,078,900
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Ha 11 and replacement of the eastern retaining wall of the boat basin canal .

l y stored on the VIMS Prime Computer
System with onl ine access for reporting
purposes .
The complete inventory wi 11
be on line before October, 1%3.
A
physical wall-to-wall inventory of t he
Institute' s property is currently in
progress.

The new State Fixed Asset Accounting and Control System was implemented
on June 2, 1983 .
Information on buildings, land and ADP equipment is current-

•

-

The construction of Watermen's Hall, a much needed new facility, was begun this year.
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for the past several years.
Matricu1ati ons, however, were fewer and appear
to reflect the decline i n funding available for assistantships.
We have been
fortunate that there have always been
more quali fied students t han we could
accept; however, this might not con t inue
to be the case should the trend toward
fewer applicants conti nue.

GRADUATE EDUCAT ION
The School of Marine Sc i ence composed of 61 faculty and 137 students,
produced 5 Ph.D. ' s and 15 Master ' s degrees in the 1982-1983 academic year.
The degrees awarded in the past 5 years
are shown in the fo 11 owing table. Students in the School of Marine Science
receive broad training in the marine
sciences wh ile special izing in one of
the six areas of concentration: Physical Oceanography, Biological Oceanograµhy, Chemical Oceanography, Geological
Uceanoyraµhy, Marine Fisheries Scie nce
and Marine Keso urce Manayement.

This past year we undertook to encourage minority students to enroll in
marine science.
Two full fellowships
have been set aside and an active recruiting program initiated at historically minority-oriented in stitutions in
Virginia, Washington, D.C. and Maryland.
Two students in the School of Mar i ne Sc ience were selected to participate i n the 1983 National Sea Grant
Intern Program. Mr. ·Drew Zacherle is an
intern with The National Oceanic and Atmospheric
Administration,
Office
of
Marine Pollution. Ms. Kimberly Grane is
an intern in The Office of U.S. Senator
Ted Stevens of Al a ska, working on fisheries and other marine matters.
Mr.
Robert Croonenberghs was an intern for
one semester with The Offi ce of The
Secretary of Connnerce and Resources in
Richmond under the sponsorship of The
Virginia Sea Grant Program.

The curriculum is research oriented
and very much a hands-on program.
In
addition to the formal courses offered
by the departments, there are special
r esearch courses which are tutorial between a faculty member and an individual
student or a sma 11 group of students.
Students are deeply invo 1-.:ed in the research conducted within the Institute' s
several departments, which is discussed
later in this report .
Inquiries concerning the program
increased this past year. They had been
declining, reflecting the nati ona l trend

MARINE SC I ENCE DEGREES AWARDED BY THE COLLEGE OF WILLIAM AND MARY
FOR THE PAST FIV E ACADEMIC YEARS
Aca demic Year

Masters

Ph.D

1978-1979
1979-1980
1980-1981
1981-1982
1982-1983

9
21
12

4
6

3

l(J

3

15

5

111\TR ICULAT IO NS TO THE SCHOOL OF MARINE SCIENC E
FOR THE PAST FIVE ACADEM IC YEARS

Year

Inguiries

Appli cations
Completed

No. of
New Students
Who
Matriculated

1979-1980
1980-1981
1981-1982
1982-1983
1983- 1984

414
359
218
183
332

222
135
75
86
63

32
17
18
19
(20)*

* Matricul ation took place in Se ptembe~ 1983 after t he fiscal year ended .
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Doctoral Uissertations in Marine Sc ience Completed During
the 1982-1983 Academic Year

UELISTRATY, DAMON A.
"Adenine Nucleotide Levels and Adenylate Energy Charge in Zostera marina
(eelgrass): Detennination and Application."
(Carl H. Hershner)*
CERCO, CARL F.
"Two Dimensional, lntratidal Model Study of Salinity Intrusion Structure and
Motion in Partially-Mi xed Estuaries."
(Albert Y. Kuo)
CHU, FU-LIN
"A Study of Nutritional Requirements of the Larvae of the American Oyster,
Crassostrea virginica . "
(Kenneth L. web )
CROONENBERGHS, ROBERT EMILE
"Organic Toxic Substances Monitoring in Virginia."
(Robert J. Huggett and N. Bartlett Theberge)
SYPEK, JOSEPH PAUL
"Influence of Temperature on the Immune Response of J uvenile SulTlller Flounder,
Paralichthys dentatus, and Its Role in the Elimination of Trypanoplasma
bullocki Infections."
(Eugene M. Burreson)

Master of Arts Theses in Marine Science Completed during the
1982-1983 Academic Year
ANDERSON, GARY F.
"The Distribution of Dissolved Silica and Particulate Biogenic Silica in the
James, York and Rappahannock Estuaries, Virginia."
( Bruce Neil son)
APPLEGATE, ANDREW, J., IV
"An Environmental Model Predicting the Relative Recruitment Success of the
Blue Crab, Callinectes sapidus (Rathbun), in Chesapeake Bay, Virginia."
(Herbert M. Austin)
BURTON, WILLIAM HOWARD
"Comparative Ecology of Two Sympatric Species of Atherinids, Menidia menidia
and Nembras martinica . "
(John V. Merriner)
HEDGEPETH, MARION YVONNE
"Age, Growth and Reproduction of American Eels, Anguilla rostrata, from the
Chesapeake Bay Area."
(John V. Merriner)
KVATERNIK, ANDRE CHARLES
"Anal ysis of Population and Price Aspects of the Virginia Hara Clam,
Mercenaria mercenaria, Fishery.•
twil llam DuPaul)

* The students major professor(s) are listed in parenthesis .
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LlJ, MUZHlN
"Organic Compound Levels in a Sediment Core from the Elizabeth River of
Virginia."
(C . W. Su)
LUUWIG, DAVID FRANK
"Effects of Disruptive Grazing by the Mud Snail , I lyanassa obso 1eta , on Mud
Flat Nematoda Populations."
(Richard L. Wetzel)
MAPP, GEORGE RICHARD, IV
"Wave Refraction by Warm Core Rings."
(John C. Munday, Jr.)
MlYER, CATHY E.
"Zoop 1ank ton COITVTluniti es in Chesapeake Bay Seagrass Systems."
(Herbert M. Austin and George C. Grant)
MOUSTAFA, t()HAMED ZAKI
"On Water Masses of the Red Sea."
(Evon P. Ruzecki)
NAMMACK , MARTA F.
"Life History and Management of Spiny Dogfish , Sgualus acanthias , off the
Northeastern United States."
(John A. Musick)
PENRY, DEBORAH LYNN
"Utilization of a Zostera marina and Ruppia maritima Habitat by Four Decapods
with Emphasis on Callinectes sapidus."
(Robert J. Diaz)

'',.

WILKINS, ELIZABETH W.
"Waterfowl Utilization of a Submerged Vegetation Zostera marina and Ruppia
maritima Bed in the Lower Chesapeake Bay."
( Robert J • Orth)
WILLIAMS, STEPHEN ANTHONY
"A Mathematical Model for Small Ti dal Streams Capable of Simulating Both
Short-term and Long-term Water Quality Variation s. "
(Albert Y. Kuo)
·
WOMACK, CATHY J.
•
"The Distribution and Ecology of Gammaridean Amphipods in the Plankton of the
Middle Atlantic Bight."
(George C. Grant)
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Blue crabs are a major focus of research.

RESEARCH
Fisheries
Forecasts
A main goal of fisheries research
is to predict the numbers of crabs,
oysters and various fishes that will
become available for harvest a year or
more later.
This assists elements of
the fishing industry in forecasting
their needs and maximizing their profits.
It al so assists the regulatory
agencies in planning their strategies
for managing these naturally-renewing
resources.
So that fisheries scientists could
accomplish their goal,
research
in
1982-83 focused upon the re 1ati onshi p
between animal populations and various
environmental controls including climatic fluctuations.
Substantial progress
was made with rooni tori ng being a cornerstone of this endeavor .
Monitoring
Much of the data and infonnation
was generated by the 1ong-tenn ( 25year)
programs
monitoring
j uveni 1e
fishes.
These included: trawl surveys
for juvenile crabs and young fish, specialized surveys for juvenile alosines
( shad and river herring) , and shore
seine
surveys
for young-of-the-year
striped bass ( rockfi sh) .
The annua 1

spatfall or "strike" of oysters was
monitored weekly each sul!Tiler, together
with a follow-up survey in the fall, to
estimate survival.
Results
included:

generated during 1982-1983

- Documentation of continued changes
in juvenile fish, blue crab, and
oyster spatfall distribution and
abundance due to the drought of
1980 and 1981 , wann winter of
1982-83, and record spring rains of
1983.
Documentation of high (85-lOOt) mortalities of newly set ( 48-hour old)
oyster spat in the James River, and
a decrease in average spat size
over a several year period.
Verification of the effect of fall
shelf wind-fie 1 ds and winter temperatures on future stocks of Atlantic
croaker, and a correct prediction
that there would be few croaker
avai 1 ab 1e the sul!Tiler of 1983 and a
prediction for favorable recruitment in 1984 .
- Documentation of the continued poor
recruitment of shad and river herring and the first "successful"
spawn of striped bass since 1970.
- Furt her investigations into the importance of the twice monthly
spring tide destratification and
the
subsequent oyster
spatfall
during the neap period.
- Better understanding and prediction
of blue crab recruitment and catch
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as influenced by riverine stream
flow, wind driven currents and winter temperature in Chesapeake Bay .

analyses of age structure in large
Galeoid sharks and continued long-line
studies on the mid- and outer-shelf.
Other Stu di es

New Commercial Species
Fishery scientists also studied latent or untapped resources, such as
sharks, for potential exploitation. They
al so began an analysis of the monk fish
(angler fish), a visually unattractive,
but very· tasty continental shelf species, to determine whether a directed
fishery could be supported. At present
monkfi sh are entering the market only as
a bycatch of other offshore fisheries.
Data on seasonal
distribution , age,
growth, reproduction, and food habits
are being collected and analyzed.
Another project concerning underutilized fisheries - the offshore hake
and Illex squid - was begun in cooperati~ith the lnstitute's Advisory
Services group.
Several exploratory
cruises were made durfog the winter
using commercial trawl gear .
Heavy
winter weather curtailed this effort
which will be renewed in fall , 1983.
Our research on sharks continues.
Current efforts are being focused on

Scientists
also conducted basic
biological studies, including fecundity,
feeding habits, and growth rates, on other species such as butterfish, sharks,
and menhaden, of commercial, recreational, or ecological importance.
These
data are relative to current or planned
deployment of fishing gear or practices
and to management agencies.
We continued research on the corrmuni ty organization of bottom fish between
the edge of the continental shelf and
the abyssal plain.
VIMS' scientists
have accrued a data base on corrmuni ti es
of deep- sea fishes that is unique. Consequently VIMS' scientists were called
upon to use this information to render
opinions concerning the environmental
impacts of disposing nuclear submarines
in the deep-sea off Virginia and of oildrilling near submarine canyons on the
continental slope.
This information
directly influenced the United States
Bureau of Land Management to eliminate
from sale several drilling sites that
were located in submarine canyons.
Another important activity that this re-

The study of shark anatomy is part of the overall effort to further develop a new fishery for shark.
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y

search program focused upon was a workshop hosted by VIMS to develop guide1 ines to establish marine sanctuaries in
submarine canyons such as Norfolk Canyon.

played histopathological signs of gill
and pancreatic tissue disturbance compared with control fish from a relati vely clean river.
The effects of the hemoflagellate
parasite, Trypanoplasma bullocki, on summer flounder received ma,Jor attention
during the year.
Under certain conditions T. bullocki is found pathogenic to
juvenire surrrner flounder, the most important species for Virginia's trawl fishery. Studies continued on the distribution and incidence of this parasite in
popul ations of flounder, the biology of
the host-parasite relationships and aspects of the irrrnunological response of
the flounder.

Dr. Gene Burreson's research has identified
parasites as a major contributor to juvenile
mortalities of flounder wintering in the Bay.

Diseases
Organisms

and

Parasites

of

Marine

Investigations were initiated to
evaluate the effects of environmental
stressors on the cellular irrrnune response of three species of fi nfi sh.
Macrophages function to protect the host
by phagocytizing disease- causing agents
such as bacteria, fungi and parasites.
We developed a method to isolate and
assay relatively pure suspensions of
macrophages
from
fish
kidney using
Percoll® discontinuous density gradient
centrifugation. The phagocyti c activity
of macrophages from fish taken from the
Elizabeth River was markedly reduced compared with those from fish taken in nonpolluted waters. Fish from non-polluted
waters exposed to Elizabeth River sedi ments in the laboratory exhibited suppressed phagocyti c function.
It is
thought that a reduction in imnunological activity may predispose fish to
microbial and parasitic diseases.

Finfish
Experimental exposure of spot to
creosote-contaminated sediments obtained
from the Elizabeth River resulted in
high mortalities and integumental fin,
gill, liver and pancreatic lesions.
Spot exposed to uncontaminated sediments
exhibited none of these symptoms.
In
another experiment, skin lesions developed in fish exposed to water which had
been passed over contaminated sediments.
Research is continuing to determine the
concentration of contaminated sediment
below whi ch only chronic effects occur
and the extent of responses of natural
fish populations to these contaminated
sediments.
Preliminary studies indicated that
hogchoker from the Elizabeth River dis-

Abnormalities in fish, such as the cataracts pictured, have been linked to exposure to polluted
river sediments.
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Resource Evaluation
Five types of nonvegetated wetlands
were ranked for va 1 ue to the tota 1 envi ronment.
Intertidal beaches and sand
bars have the highest relative values as
buffers to shoreline erosion. They also
rank very high as marine habitats and in
secondary producti on.
I nterti da 1 oyster
reefs, which occur primarily on the seas i de of the · tastern Shore, have their
highest values in terms of productivity,
habi tat, and conrnercial importance . The
beaches and oyster reefs merit the highest order of protection.
Other areas
that are also highly productive and play
an essenti al role in nutrient cycling in
estuaries are sand, mixed sand/mud, and
mud flats.
They are important foraging
areas for mari ne birds and many mobile
mari ne organisms
of conrnerci a 1 and
recreational importance.

Shellfish
The Institute, acting jointly with
the Oxford Biological Laboratory, Northeast Fi sher i es Center, Nati onal Marine
Fi sheri es Service and NOAA, sponsored a
Shellfish Transport Workshop. Del egates
from Mid-Atlantic and
South- Atlantic
states formulated a "Proposeo Policy
Statement" to bring about more effective
contro 1 of interstate and i nternati ona 1
shell fish conrnerce to min imize the transfer of undes i rab 1e predators, pests and
diseases.
Thi s statement i s now being
considered for promul gati on and regional
app l ication.
A major effort to descr i be t he l i fe
cycl e of the oyster paras ite Minchinia
ne l soni (MSX) was initi ated.
Invertebrate Ecol ogy
Long- term Monitoring,
River Site

Lower

York

Microcosm Fiel d Validation
To rel ate laboratory toxicity tests
to effects expected in the field , l aboratory test procedures need to be val i dated wi th respect to natural population
responses.
There are many aspects of
field and laboratory environments that
are different and may lead to differ ences in responses of fie 1d and 1aboratory populati ons.
We conducted experi men t s to evaluate and validate a benthic
community mi crocosm.
Results indicated
that conrnuni ty structure, as measured by
diversity and evenness, in both the
field and laboratory was very similar.
However, there were changes in abundances at the species 1eve 1 that were
not detected by the diversity measures.
The most sensitive measures of co11111uni ty
response were found to be growth and
secondary productivity.
Microbial Studies

Analysis of the dominant annelids
from a shallow, sandy site in the lower
York River clearly identified patterns
of recruitment and survival.
Three intermingled recruitment strategies were
observed, ranging from the c l assic opportunistic life sty l e characterized by
heavy recruitment over a very short
period of time followed by mass mortality, as shown by Strebelospio benedicti
to prolonged recruitment with lower mortality, as shown by Mediomastus ambiseta.
Between these was a third sty 1e,
prolonged
recruitment
punctuated
by
periods of high IOOrta 1 i ty, as shown by
Tubificoictes spp .
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Shellfish
Waters

and

She llfish

Growing

The potential for human diseases in
shel l fish growing waters is currently
assessed as a bacteriological parameter
of water quality reflecting the potential for transmission of sewage-derived
pathogens. The va 1 i di ty of this bacterial indicator continues to be the subject of intense discussion.
Observations made at VIMS suggest that the
i ndi ca tor may not provide adequate protection under all environmental conditions.
Thus, we continued our re-

search to examine the seasonal survival
of enteric bacteria in various estuarine
locations.
This involved development
and modification of diffusion chambers
for the in situ exposure of bacteria.
An important~pect of this research
concerns our contribution to understanding the "real" values of constants
of bacterial die-off which are used in
numerical models for predicting the fate
of effluents. We also performed studies
on the effects of solar irradiation on
enteric bacterial survival. Preliminary
results show that mortality due to sun1ight is inversely related to the diffuse
attenuation
coefficient
which
varies seasonally, is inversely related
to depth of exposure, is augmented by
the presence of autochthonous microbi ota; and is attributed to wave lengths
in the near ultra-violet .
During the year we concluded a related program addressing the problem of
fecal coli fonn "buffer zones" contiguous
with marinas.
A "buffer zone" is an
area surrounding a marina within which
shel lfish harvesting is prohibited. Cri teria used to detennine the size of such
zones vary among coastal states anci have
been the subject of criticism owing to a
lack of supportive data. We used a combined field enumeration and computer
assisted numerical modeling approach to

simulate the imoact of marina activities
on densities of fecal coliform in regard
to actual buffer zone dimensions.
Results for one marine subestuary indicated a reduction in size of the buffer
zone was possible without exceeding the
fecal coliform standard for approved
oyster growing waters.
Diffusion chambers provided actual estimates of dieoff constants on fecal coli form for
model simulations.
Microbial Ecology
Baseline surveys of the lower York
River were continued to measure levels
of i ndi ca tor bacteria, heterotrophic,
and petroleum-degrading bacteria as a
function of proximity to known or potential sources of pollution.
These surveys were expanded at the end of FY
1982-83 to include a survey of sediments
and pathogenic bacteria, including those
in the vicinity of what will be the combined VEPCO-Hampton Roads Sanitation
District effluent.
We made preliminary bacterial surveys on sediments from the Elizabeth
River in response to findings of localized pockets of creosote.
There was
some indication that bacterial populations were considerably depressed in
some sediments from the creosote impacted area. One aspect of this program
has been the development and evaluation
of new techniques for measuring bacterial productivity and biomass in sediments.
Chitin Studies
Research continued on developing a
means for quantifying the break down of
chitin in estuarine systems.
This was
accomplished through development and applicati on of a radio-labeled natural
crab chitin. Finally, research was conducted to determine if production of
methane from crab waste by fermentation
would provide a feasible alternative to
disposal
and other utilization approaches.
Mariculture of Shellfish
Clams

Students are active participants in the research
activities of the Institute.

Clam culture continued to be the
focus of activity at the Eastern Shore
Laboratory.
In addition to the work
described earlier in this report, a number of projects were conducted by or in
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conjunction wi th visiting
scientists
from several universities including Dr.
Laura Adam kewicz, George Mason University (genetics of clams}; Dr . David
Wright, University of Maryl and ( setting
of clams); Mr. Paul Becerva, University
of Maryland and Chile (setting of
clams }; Ms. Joy Goodsell, Rutgers University ( hinge structure of bivalves} , and
Ms. Anne Miller, University of South
Carolina (egg size and setting success }.
Oysters
In prior years, ten families of
oysters which were s uspected to be resistant to the oyster disease "Dermo,"
caused by
the
protozoan,
Perkinsus
marinus were developed . Two generations
of these fam ilies are now abo ut 5 cm in
shell l ength , a size suitable to test
for resistance.
Of the four families
thus far tested, none have shown evidence of resistance to "Dermo . "
Artificial Di ets
Experiments with several formulations of microencapsulated food continued.
Diet form ulations tested this
year were more com pl ete in nutrient
content than those
used previousl y.
Growth of l arvae fed any of the formu1 ati ons has been l ess than that of
l arvae fed algae, but markedly better
than that of unfed co ntrol l arvae. Eyed
larvae developed, albe i t sl owl y, with
several diet form ulations.
These eyed
larvae set and devel oped into wellformed norma l appear ing spat.
Further
research is in progress to identify improved formulations, examine the effect
of microencapsulated food on bacterial
concentrations in cultures , and evaluate
the ro 1 e of bacterial contaminants as a
possible food source.
Aq uatic Toxicology
During the period of this report,
tox i cologi cal studies foc used on cr eosote co ntami nated sediments from the
E. l i zabeth River and a comparison of the
effects of chlorinated versus chlorinated/dechlorinated sewage on oyster
s patfall .
Preliminary results of the
Elizabeth River studies are reported in
the next secti ons.
Eyed
oyster
larvae
exposed to
chlorinated sewage-seawater mixtures exhibited less setting (spatfall} than
either pl ain sewage-seawater mi xes or
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controls .
Dechlorination appeared to
eliminate the effect of c hlori ne in some
cases, but not others.
The difference
may be re lated to differences in organic
nitrogen fractions in vario us batches of
sewage.
Planktology
The Lower Bay Zoop lankton Monitoring Program contin ued in fiscal year
1983, with surveys in July, August and
March. The March survey marked the beg; nni ng of the si xth annual effort in
th i s long-term program. Coll ecti ons are
archived for base-line in formation on
zooplankton
abundance
and
col11llunity
structure.
Striped Bass
We compl eted research on striped
bass spawni ng grounds in the York,
James, and Rappahannock rivers, under
the sponsorshi p of the U.S. Fish and
Wildlife Serv ice.
We are usi ng know1edge gained on spatial and temporal
limi ts of spawning in the three river
systems in the design of a costetfecti ve monitoring pl an. Funoi ng from
Sea Grant a ll owed collections of larvae
in all three rivers to be utilized in an
investigation of larval osteology and
chemical signaturing of otoli ths as aids
in stock identifi cation.
The National
Science
Foundation
conti nued to s upport a study of the systematics, evolutionary biology, and zoogeography of the pearl f i shes.
Coll ection and
laboratory
experiments
of
living pearlfi shes were carried out at
the Hawai ian Institute of Marin e Biology
in March.
Plankton Processes
Fiel d studies continued to examine
the relationship between hydrography and
phytoplankton processes in the l ower Bay
and York River.
Specifically , these
studies involved determinations of biomass and species compos i t i on of chlorophyll and silica concentrations in phytoplankton. Preliminary results i ndicated
that regions with high phytopl a nkton
bi omass are close l y associated with
hydrographi c stability.
Resu lts a l so
support the l'\Ypothesi s that Rappahannock
River flow influences hydrographic processes in the lower York River.

Wetlands are critical habitats for many Bay species.

Wetlands Ecology
During the fiscal year principal
research efforts were directed in four
areas:
- Research on several aspects of
submerged aquatic vegetation (SAV)
communities;
- Research on non- vegetated , intertidal and shallow, subtidal sediments;
- Computer
model
simulation
and
analysis of estuarine ecosystems;
- New developments in technology.
The year's accomp 1i shments included
the submission, external review and acceptance of fi na 1 grant reports in four
volumes for research funded through the
U.S. Environmental Protection Agency,
Chesapeake Bay Program. The reports summari ze and discuss the findings of · research initiated in 1~78 and propose
mechanisms that may account for the generalized decline in SAV during the early
1970's.

Studies were initiated to address
the magnitude and temporal scale of the
benthic microalgal productivity and the
nutrient dynamics of sandflats. The collection of field data will be completed
in the spring of 1984 .
Computer simulation modeling has
been an integral part of all research
projects. Accomplishments for this fisca1 year were the refinement of an ecosystem level simulation model of energy
flow in seagrass comnunities, and the
revision of a previously published model
on decomposition of the detritus and
bacterial
energetics.
The revised
detrital-bacterial
interaction
model
wi 11 be presented at the 2nd I nternati ona l Detritus Symposium.
We have begun development of a new
mi croprofi 1 i ng system for oxygen concentration in marine and estuarine systems .
Use of this new technology will allow us
better resolution and quantitative description of sediment 02 dynamics (production and consumption) and nutrient
dynamics .

45

Chemicals in the Marine Environment
Elizabeth River
A continuing project involves the
organic po 11 utan ts in the El i z a beth
River.
The bottom sediments in this
estuary are highly contaminated with a
class of compounds called polynuclear
aromatic hy drocarbons (PAH' s).
These
substances are formed , in part, by the
combustion of carbonaceous matter such
as gasoline, fuel oil, and coal. Since
this river is bordered by the metropo l itan areas of Norfolk and Portsmouth
which have been centers of population
for over 300 years, it is not surprising
that PAH's reside in the sediments .
What is surprising is the extremely high
level of contamination which is due to
what appears to be creosote ( a mixture
of PAH's) . The area of hi ghest concentrations is in the Southern Branch, with
decreasing concentrations towards the
mouth of the river.
Analysis of the edible portion of
spot, Leiostomus xanthurus, from the
Elizabeth show non-detectable l eve 1s of
PAH's (<1.2 g/Kg dry wei ght for ·individual compounds), whereas oysters from
the river contain over a thousand times
this amount.
We have also provided
chemical support to other scientists at
VIMS researching the toxicity of the
sediments on various organisms. Work is
now expanding into determining the partitioning of the PAI-i's between various
segments of the ecosystem . This effort
to understand t he fate of these poll utan ts in a severe 1y po 11 uted area such
as the Elizabeth will yield information
which wil l allow better management of
the entire Chesapeake Bay since our previous research has shown PAH' s to be the
major organic pollutant in the main stem
of the Bay. As human population increases around the Bay's shores i t is likel y
that inputs of PAI-i's will increase as
wel 1.
York River
Another project started during this
year involves the influence of wastes
from oil refineries on the concentrations of hydrocarbon concentrations in
the hard cl am, Mercenaria mercenaria.
This study, funded in part by the Ameri can Petroleum Institute, is focused
around the Amoco Refinery near the mouth
of the York River. Samples of the bottom sediment collected around the ref in46

ery ' s outfall are being analyzed to determine the extent of the area impacted
by the plume of waste water . Indigenous
clams also have been collected and are
awaiting analysis.
The final phase of
t he study will involve transpl anting
cl ams to the areas of highest effluent
impact to determine the uptake kinetics
of the compounds.
A major problem in predicting levels of organic contamination in natural
aquatic systems is that the aqueous sol ubil ities of various organic compounds
are not known for multi-component organic mixtures.
We initiated a stu dy in
1982 which is designed to determine the
pa rameters necessary to predict concentrations of hYdrocarbon produced by rel eases of mixtures of hYdrocarbon in
natural waters, and to estimate concentrations resulting from spills of petroleum fuels.
Equilibrium aqueous solutions
with
multi-component
organic
solutes are bei ng prepared under various
conditions. Analyses of these solutions
yield data which are used to formulate
predictive models.
Kepone
Kepone is still a problem in the
Commonwealth and we continue to assist
t he State in keeping abreast of the curr ent situation in the James F< iver. Last
year we anal yzed over 600 samples of finfish to determine the concentrations of
Kepone. In addition, we reviewed all of
t he data which had been generated since
Kepone was discovered in the James River
in 1975 an d prepared a manuscript which
will be published in volume I of Reviews
in Environmental Toxicology.

Estuarine Dynamics
Circulation
Research in physical oceanography
during 1982-83 was directed toward
elucidating
the fundamental
phys i cal
processes that control circulation in
estuaries.
Despite the perception of
many that "Chesapeake Bay has been
studied to death," very little is known
about circulation patterns in the lower
portion of the Bay.
Therefore, the
I nstitute is pleased to be cooperating
with the National Ocean Service in their
Chesapeake
Bay
Circulatory
Survey.
Since December, 1981 the physical oceanographers have been assisting in the main-

tenance of an array of current meters
off Wolftrap Light. In addition, scientists have been making monthly, and
often semimonthly, cross-bay surveys to
examine the density structure of the
Bay's waters.
The density data, when
combined with measurements of current,
meteorological
phenomenon, and
tides
should provide much i nformation about
the tempera 1 and spa ti a1 sea1es o_f moti on in the lower Bay .
Of particular
interest are the effects of winds and
the passage of meteorol ogical fronts in
modifying the density structure and current patterns. The field program is anticipated to continue through December,
1983.
Anal ysis and interpretation of
t he data has begun, but much remains to
be done during the coming year.
Stratifi cation/Llestratificatiori
Scientists have noted that some estuaries respond to the fortnightly cycle
associated with the variations in tide
range from spring to neap tides .
In
part icular, spring tides have been observed to greatly reduce surface-tobottom density differences in the York
River.
With this destratification, nutrient-rich bottom waters reach the surface and stimulate t he growth of phyt oplankton, although phytoplankton may
be more evenly distributed through the_
water column .
Physical oceanographers
have been participating with biological
oceanographers in studies of these mixing cycles in the York duri ng August of
1982 and March of 1983 . A similar survey of the James River is p1anned for
August of 1983 .
Data from the August,
1982, survey has been processed and
currently is being analyzed.
We anticipate that the data wi ll indicate . the
rel ative
roles
of
several
possible
mi xing processes and that comparison of
the York and the James will suggest what
features detenni ne the degree to which
mi xing does or does not occtlr in specific estuaries.

Fronts
The occurrence, evolution, and characteristics of fronts in estuaries, in
particular, longitudinal fronts,. al so
are being studied.
Onl y preliminary
field work and planning was undertaken
in 1982- 83.
Similarly, studies of the
structure and nature of turbulence in
estuaries are being planned.
Both ef-

forts are expected to receive more at-·
tention in future years .
Mathematical Models
For nearly a decade the emphasis of
the research program in environmental
engineering has been the development and
application of mathematical models to
the estuaries of the Co1T111onwealth . The
first phase of that work is nearly compl ete. Models have been applied to most
major tidal systems in Virginia, o~er
twenty-five
water
bodies .
During
1982-83 work was underway on seven embayments of the Potomac River , the main
stem of the Potomac River itself, the
Ware River, the James River, Lynnhaven
Bay , the Northwest River, and Chesape~ke
Bay . Some of the projects underway will
not be completed until next f i sea1 yea~.
However, the emphasis of the program is
al ready changing from development of
models towards use of these tools, both
for management of water quality and as a
means to study important environmental
processes.
Non-point Source Eutrophication
One process which has received considerable attention is the enrichment of
estuaries with t he nutrients, nitrogen
and phosphorus.
Scientists from VIMS
have participated on the Chowan River
Water Qua 1 i ty Advisory COllllli ttee and the
James River Water Quality Monitoring
Corrmittee.
These committees provide
guidance to the State on water qua 1 i ty
problems in these two rivers. Research
activities have emphasized measurement
of contributions of nutrients from 1and
runoff and from bottom sediments of the
rivers.
Studies in the Chowan River
basin, around Lynnhaven Bay, and along
the Northwest River have assessed not
only the magni tude of water quality problems associated with runoff, but al so
the effectiveness of so-called "Best
Management Practices" (BMP ' s) to reduce
po 11 utant 1oads in runoff. For examp 1e,
scientists measured the trapping efficiency of three ponds which recei_ ve the
runoff from parking lots surrounding the
new Lynnhaven Mall in Virginia Beach.
Water qua 1 i ty surveys of the Nansemond
and Chuckatuck estuaries were made during the year to provide baseline inf~rmation in anticipation of water quality
improvements which sh~ul d . result as fa~mers in these two basins implement agri cultural BMPs .
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Dynamics of Benthic Boundary Layers
Launched in the second half of FY
1982-83 , tM s program is aimed at understanding the dynamics of benthi c boundary layers and associated processes of
sediment resuspension, transport and
animal-sediment interaction in coastal
and estuarine environments .
The benthi c boundary layer cons ti tutes the primary linkage between water
movement and sediment movement.
The
complex processes of interaction which
take place within the benthic boundary
layer affect the intensity and direction
of particulate transport, the configuration of the bottom, and the collllluni ti es
of animals which live on and within the
bottom. Before we can predict or model
the entrainment and transport of sediment, adsorbed toxic wastes, or particulate wastes, we must gain a better
understanding of the workings of the
benthic boundary layer .
The studies
will provide information germane to such
management questions as: 1) where to
pl ace dredge spoil; 2) where to expect
the accumulation or erosion of different
types of sediment; 3) where to dredge
and not to dredge; 4) how to anticipate
and avoid possible buildup of toxics
adsorbed to certain types of sediment;
5) how to predict whether specific locations are likely to provide good or
bad habitats for benthi c organisms; and
6) whether or not certain development
practices (such as dredging, construction of engineering works , and landfilling) are likely to exacerbate or
alleviate shoreline erosion on a sitespecific basis.
Since this new program has only
just begun, substantive conclusions are
sti 11 several months away from rea li zati on. The first major field campaign,
completed in May, 1983, involved observations at the bay mouth , bay stem, and
Mobj ack Bay sites.
Further field work
is scheduled for the i llllledi ate future.
Field work has so far focused on ex- ,
plaining the characteristics and consequences of benthic boundary layers in
different environmental settings and has
involved observations of spatial variations in subaqueous morphology, bottom
roughness,
sediment
characteristics,
benthi c fauna , and near-bottom current.
These observations have been made utilizing divers, side-scan sonar, cores,
sub-bottom profiles, and recording current meters.
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Studies of benthic communities and
bi ogeni c al tera ti on of sediments in
lower Chespeake Bay and its tributaries
have demonstrated the importance of biological processes i n benthic boundary
layer dynamics.
Evidence from x-radiographs,
radionuclide
profiles,
and
faunal studies indicates that sediment
mi xing is strongly dominated by biologi cal processes in high salinity areas
where sediment accumulation rates are
low and little physical reworking of
sediment occurs.
The relative importance of bioturbation in areas of
moderate accumulation is related to the
magnitude and periodicity of sediment
deposition or erosion sequences as well
as characteristics of the fauna as influenced by the estuarine gradient. The
effects of biological reworking are minimal in areas where accumulation rates
exceed 3 centimeters per year regardless
of faunal characteristics.
This work
represents the first known attempt to
utilize an i nterdi sci p1i nary approach to
characterize the dynamics of the estuarine boundary layer.

Shoreface, Surf Zone and Beach Processes
Coastal erosion as well as accretion are responses to complex processes
which operate at considerable depths
seaward of the shore. There is no single cause of coastal erosion; different
mechanisms dominate under different circumstances. Consequently, the same management or engineering practice may
cause erosion in one case and prevent it
in another.
Gui deli nes for proper and
effective coastal utilization and pro~
tection must be based on a thorough
understanding of the processes which
operate to redistribute nearshore sediments and reshape the coast.
The purpose of this program is to elucidate
those processes and app 1y our kn owl edge
to the rati ona1 management and protection of Virginia's shores. The program
involves basic research into the fundamental mechanisms and patterns of coastal erosion and accretion, applied research into appropriate, cost effective
solutions to erosion control, and an
advisory service aimed at providing
site-specific recolllllendations.
The basic research component of the
program was substantially assisted in
its advancement through the support of
the Office of Nava 1 Research for a project entitled "Nearshore and Surf Zone

--

Morphodynamics: A Global Environmental
Model
for
Predicting
Hazards
and
Changes. 11
Our study has shown that
hydrodynamic processes and the relative
contributions of different mechanisms to
sediment
transport
and
morphologic
change differ dramatically depending on
whether the surf zone and beach are reflective, dissipative or in one of
several inte rmediate states.
Long-term
surveys of different beaches with contrasting local environmental conditions
provided
the
data
for
empi ricalstatistical
as sessment
of
beach
mobility,
direction of change,
and
response to envi ronmenta 1 conditions.
Persistently high wave energy combined
with abundant and/or fine-grained sediment result
in maintaining highly
dissipative states which exhibit very
low mobility.
Relatively low mobility
is associated with persistently lowsteepness waves acting on coarse-grained

beach sediments.
In such cases, the
modal beach-state is reflective.
The
greatest degree of mobi 1i ty is associated with
intennediate
but
highly
changeable
wave conditions,
mediumgrained sediment and a modest or meager
sediment supply. Under such conditions,
the beach ana surf zone tend to alter.:
nate among the i ntennedi ate states and
to exhibit well developed bar trough and
rhythmic topographies.
A good association is found between beach state and
wave and sediment parameters.
We can
now predi ct the li kel ihood that a beach
will be dis sipative, reflective, or in
one of four intermediate states.
At
present, we are enhancing the quantitative prediction of profile shapes in
collaboration with researchers at the
University of Virginia.
This major
update of our existing morphodynamic
model will be completed in 1983 and will
be applied to the Virginia coast.
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Sedimentology, Stratigraphy and Geologic
Evolution
Patterns of sediment distribution
and subsurface stratigrapl\Y express the
time integration of the transport processes. Information about long-term net
trends of sediment erosion, transport,
and accumulation can only be ascertained
from studies of the sediments themselves
and their verti ca 1 and areal sequences.
Such studies are also needed to complement and provide baseline information to
benthic boundary layer studies .
They
are essential to assessments of sand and
gravel resources and they enab1e us to
field check the long-term validity of
computer models for predicting sediment
dispersal .
In response to the need for advanced research planning , we directed
substantial effort to designing programs
for furthering research efforts in: 1)
sediment transport; 2) fate of chemicals
associated with sediments; and 3) guidelines for dredging and disposal of
dredged material .
To attack issues of
dredging toxics in the Elizabeth River,
we cooipiled the status of sediment properties and distribution of contaminates
and determined the quantity of maintenance dredging over the pa st lCJCJ yea rs.
The history reveals that dredging rates
increase an averaQe of 2SU~OOO cubic
yards per decade as a result of enlarging and deepening channels.
This
points to the increasing need for more
disposal capacity. To predict the fate
of potentially toxic metals in the
Elizabeth, we developed a finite element
(box) mode 1 for six meta 1 s bound to fine
sediments. After accounting for sources
and losses to the sediments, the model
predicts that copper, iron, lead and
zinc are retained in the river whereas
cadmium and chromium escape.
The history of disposal reveals an estimated 30
percent of the total maintenance material dredged from the Elizabeth between
1880-1957, a period of general contamination, has been dumped in area s outside
the Elizabeth River including lower
Chesapeake Bay.
Research was also continued on the
use of particle shape analysis in the
recognition and delineation of unique
types and sources of sand-sized sediment
in lower Chesapeake Bay. The data from
several hundred samples show that , although the shape differences in most
instances are very subtle, there appear
to be some definitive shape "signatures"
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i n several places that do allow masses
of sand to be recognized in much the
same way that water masses are di sti ngui shed using the properties of temperature and salinity.
For example, there
is good evidence that littoral sands
coming down the Delmarva shoreline to
Cape Charles are continuing their movement as a coherent sand stream around
Fisherman Island and, therefore, westward into the bay .
Work continues on the inventory of
sand resources in the southern portion
of Chesapeake Bay.
The primary efforts
were the integration of the engineering,
economic, and environmental consi derat i ons and the utilization of information
from other sources to further refine the
various alternatives that are being considered for sites and methods of extracting sand.
Marine Resources Management
Re search in marine resources management continued along several fronts.
Major thrusts of the Ocean and Coastal
Law program were in the areas of dredge
spoil management and the commons land of
the Conmonwealth.
Environmental
sensitivity mapping
of the coastal waters of both North and
South Carolina, Virginia and Maryland
was completed. This project was part of
the Institute's overall program to support the National Pollution Response
Team by providing the Science Support Coordinator to the U. S. Coast Guard in the
event of an oil or hazardous spill in
the region. This program, scheduled for
completion in the fall of 1983, began as
a pilot program to incorporate uni versity and research institution perspectives
into the national spil 1 response con tingency planning process.
A project was undertaken to develop
a resource study plan that could serve
a s the basis for planning a Marine
Sanctuary i n the Norfolk Canyon or some
other East Coast canyon sites.
As part
of this project a workshop focusing on
canyon research was held in the spring
of 1983. This work will be completed in
the fall of 1983.
Non-Traditional Education
Research in the area of non-tradi tional and informal education was con-

tinued in a joint pr ogram with the
Smiths onian
Institution's
Office
of
Educa t ional Research with support from
the National Science Foundation. These
studies have involved the Pen in sula
Nature and Sc ience Center, Maymont Nature Cen te r (Richmond} , the Sc ience
Museum
of Virg inia ,
the
Tidewater
Children's Museum and t he school systems
of Portsmouth, Newport News and Richmond. The early findings have indicated
that t he family does play an important
role in promoting scientifi c 1iteracy in
traditional and non-traditional educational settings.
Through this program VIMS ho pes to
improve the e fficiency of its public education program through appropriate interaction with the traditional and non-traditional ed ucational settings in the
Conunonwea 1th.

the Governor, the committ ees and members
of the General Assembly and private individuals and groups.
Much of the advisory effort is provided by the Marine Advi sory Services
(MAS), which is join tl y funded by VIMS
and the Virginia Sea Grant Program. It
focuses on conveying findings and know1edge of mari ne science and engineer ing
directly to mari ne resource users and
associated industries.
Adv isory activ i t ies of the research
staff were primarily in support of
State, national, and local marine resource management and regulatory agencies.
Whil e these efforts may be
separated for discussion purposes, both
routinely invol ve research and advisory
staff.
Marine Advi sory Services Staff
Ac tiviti e s
Commercial Fisheries
The Marine Advisory Service (MAS}
gear spec iali st began a program to develop gear and deck machinery options for
small boat otter trawling in Virg i nia .
To date, the convers i on/modifi ca ti on of
two vessels has been completed, with one
remaining to be done.
A publication
wi ll illustrate the three vessel types.
One new vessel was completely outfitted
for otter traw 1i ng, the secono was convert eo from a conch dredg i ng to an otter
trawl ing vessel.
Another vessel was
redesigned from the waterl i ne up.
The
purpose was to des i gn a vessel which
could fish in four of five different
fisheries ano be converted from one to
another within a maximum of 8 hours
change-over time.
The vessel is now
11ork i ny both l.lay and offshore fis heries.

VIMS seeks to develop more efficient alternatives
to traditional modes of harvesting the Bay's
abundance.

PDVISORY ACTIVITIES
Advisory activ i t ies constitute a
major portion of the Institute's efforts. Through these efforts, advice on
marine reso urces and environment s is provided to the Commonwealth's marine related industri es, marine resource managers
and management agencies, the Office of

The gear specialist is invol ved
a continuing program designed to
struct fishennen and vessel owners
the various technologie~ available
them and t o hel p instruct fishennen
the rigging and repair of gear .

in
inin
to
in

The gear spec i alist a1 so supervised
the devel opment on construction of a
hydrofoil,
diving
scallop- dredge
at
Hudgins Welding in Seaford , Virginia.
The Mari ne Laboratory of Aberdeen,
Scotl and, and the French Institute of
Marine Science con tributed infonnation
to that project.
The "French dredge,"
as it i s known, has been shown to be 35
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Virginia's watermen are a major focus of VIMS' economic, marine and engineering specialists.

percent more efficient than the standard
dredge used along the East Coast and is
lighter in weight. Future modi fi cations
will include a spring-loaded cutting
bar, removable teeth, and increased ring
size for better escapement of juvenile
scallops.
The commercial fisheries specia li st
has assisted 58 blue crab shedding operations during the past year.
Rock crabs {Cancer irroratus) histori ca 11 y have been culled and di scarded
from catches of blue crabs in the winter
dredge fishery in Virginia. An experimental attempt to shed rock crabs in a
cl osed system, with technical assistance
from fisheries specialist, resulted in a
highly successful shedding operati on during the 1982-83 winter, producing enough
capital to pay for construction of the
system. The producer can now shed blue
crabs in su111ner and rock crabs in
winter.
Our marine economist is assisting
conrnerci al fi shennen set up sound bookkeeping systems, evaluate their operations objectivel y, take advantage of tax
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shelters and locate investment capital
for expansion or modification of existing systems.
A Virginia Bankers Association/
Seafood Industry Seminar coordinated by
VIMS ' Marine Advisory Service {MAS) in
May, 1983 should have encouraged the
lending
institutions
in Virginia to
increase the amount of loan money available to the seafood industry. This successful seminar will be repeated next
year.
Mari ne Recreation and Trades
VIMS performed computerized performance analyses on the sail-assisted tug/
f i shing vessel Norfolk Rebel, owned by
Rebel Marine Service of~olk, using
data for various configurations of sail,
wind speeds, and wind direction.
The
marine recreation and trades specialist
coordinated that effort and al so organized the first conference in the nation
on sail - assisted vessels, held in Norfolk in May, 1982.
An analysis of the Virginia Beach
Angler's Club Small Boat Marlin Tournament, conducted by t he marine receation

and trades spec i al i st, will assist the
Club in comm unicating to the City of
Vi rginia Beach the economi c contribution
made by the tournament.
A Virg inia Sport Fisherman's Forum
in February , 1983, organized around key
fishery management issues, was so successful that there are plans to make it
an annua l event.
It was stated among
the 150 persons attending that the Forum
was a strong first step in seriously addressing sport fishing concerns in
Vi rgi ni a .
Marine Education
In the past year we sponsored 41
teacher education sessions with a total
of more than 600 attendees .
Al so, we
arranged for 2-day "marine life" i nstruction sessions for the Virginia Resource
Use Education Council (VRUEC) surrmer
courses at the College of William and
Mary, Longwood College and Virginia
State University.
A total of 90
teachers registered for graduate credit.
In answering requests for i nformati on in its various forms during the
past year, the MAS education specialists
presented or sponsored 89 programs to
groups.
The monthly "Oceanography for
Landlubbers" program, presented at VIMS
on a variety of topics and with staff
and guest lecturers, attracted some 400
people last year. Approximatel y 20,000
persons viewed marine education exhibits
in ten locations.
MAS marine educ a ti on specialists
developed a set of guidelines for marine
science projects and furnished them to
sponsors of regional fairs.
MAS education specialists also developed and
distributed an information sheet entitled "Steps to a Better Science Fair
Project ."
VIMS' Mc\S marine education specialists, in cooperaton with the State Department of Education, produ~ed a marine
science education film which illustrated
an innovative concept for teaching marine science methods. The students are
taken along on a (filmed) research
cruise and vicariously participate in
data collection by being asked to interpret filmed instrument readings.
Answering a request for ass istance
from the Virginia Commonwealth Girl
Scout Council , MAS marine education spe-

cialists arranged a 2- week camp focusing
on the living marine resources within
Chesapeake Bay .
The camp series wi 11
run for three years, drawing girls from
an increasi ngly larger geographic area
each year.
As a special 2-year pilot project,
our marine educators established a model
system for disseminating marine education through a school-based , co11J11unitywide network .
The project offers K-12
teachers a full
support-system for
marine education, and offers the community opportunities in marine education
through established community education
programs.
In the past year, two inservice sessions held at Dinwiddie High
School drew 330 teachers.
In response to a request for assi stance and advice from the Virginia
Boating Advisory Committee, VIMS' MAS
educ a tors consulted with the Department
of Education concerning water safety education policy and practices in Virginia
schools.
A workshop was conducted in
Norfolk for health and physical education teachers and a leaflet listing
sources of i nfonnati on and teaching materials was developed and disseminated.
The Marine Education Materials
System (MEMS) remains an important service of VIMS' MAS education efforts .
During the past year the 2000-document
microfiched collection was made more
accessible to users by remote distribution systems.
The Sea Grant Marine Education
Center in VIMS' MAS houses the most
comprehensive collection of marine education material s in the Mi d-Atlantic
region. The collection ranges from lbmm
film to printed materials.
Over the
past year more than 500 information requests were handl ed from Center resources.

Aquaculture uata Base
The Aquaculture Data Base increased
its holdings by 1200 documents during
the report year.
This project was funded during the
early part of the year by a contract
from the National Marine Fisheries Service and through a Cooperative Agreement
with the National Agriculture Library
for the last part of the year.
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VIMS' staff responded to over 300
requests for services in conj unction
with the Aquaculture Data Base, including 55 searches of the Aquaculture Data
Base through DIALOG, during the year.
These requests came from twenty states
and ten foreign countries.
Publications and Communications
Peri odi cal s distributed by Advisory
Services at VIMS include the Marine
Resource Bulletin (quarterly, circulation 6,500), Commercial Fishing Newsletter (quarterly, circulation 2,500),
Tide Graphs for Hampton Roads and
Wachapreague (monthly, circulation 250)
and Wavelets (marine educati on insert to
Marine Resource Bulletin).
General interest publications designed to inform and educate the publ ic
concerning "public use" aspects of Virginia's marine enviro nment cover such
topi cs as boating weather, shoreline
erosion , information about species of
fish, and recipes.
Announcements of developments or
coming events are covered in the Marine
Advi sory seri es, Fishery Fl ash and Focus
news sheets and New Publication~
stracts.
The latest development in a numbered
publication
series,
Marine
Resource Reports , was initiated in 1982
in r esponse to requests for particular
information by industry and State agencies concerned with specific problems or
opportunities within the marine environment.
In the area of media exposure and
communications, the VIMS' Sea Grant MAS
effort has enjoyed success with television and news release efforts.
For
example, some 22, 5-minute TV shows were
taped with WAVY TV , Channel !O's Tidewater Today (Portsmouth) over the past
year; six shows were produced with
Channel 13, WV EC TV in Norfolk ; and one
each with Channel 35, WRNL, Richmond;
Channel 12, WWBT, Richmond; and Channel
3, WTKR, Norfolk.
These shows featured
vari ous sc ientific and educational projects and activities occurr ing at VIMS
and
in other Virginia Sea Grant
institutions.
The following magazines and trade
newspapers have published feature stories on VIMS' work during the past year:
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Nati onal Fisherman, Maine; ~ and
Boat, England; Renewable Ener~ Ne"w's;
Washington,
D.C. ;
Sea
Tee nology,
Arlington, Virginia; Soundings, Maryland; Mechanical Engineering, New York;
Sail, Massachusetts; Country Magazine,
Alexandria, Virginia; The Fish Boat,
Covington, Louisiana; the Hampton Roacfs
Monthly Log, Hampton Roads, Virginia;
the Southside Sentinel, Urbanna, Virginia; and the Mid-A tlantic Fisheries Development Foundation newsletter. A number
of feature articles have appeared in the
major Tidewater newspapers .
Advisory Activities of the Research
St aff
Fisheries
Fisheries scientists continued to
serve on a number of advisory corrm i ttees
in support of fisheries management agenci es at the na ti onal and regional level
in addition to providing regul ar advice
to the Virgi nia Marine Resources Commi ssion on State fisheries management.
Much of the acti vity during this year
was devoted to Bi-State fishery problems
of Chesapeake Bay.
This activ i ty is
projected to conti nue into the comi ng
year.
Wetlands
The perso nnel
of the Wetlands
Department are an i ntegral part of the
Commo nwealth's raarine resources r.1anayement process.
Their efforts include
scientific and technical review of appli cations for shoreline activities and
coordination of t he Institute ' s responses to envi ronmental i mpact statements and National Pollutant Discharge
El imi nation System ( NPDES) penni t app l icati ons . They also have an active role
in assisting the drafti ng of wetlands
and dune legislation and guidelines as
well as training management personnel in
implementati on of the l egislati on.
More specifically, VIMS' personnel
served as sci enti fi c and techni ca1 advi sors for review of pennit applications
for wetlands, coastal primary sand dune
and subaqueous l ands.
The scientists
reviewed over 600 shore applications and
responded to requests from citizens for
preapplication advice.
In addition, members of the Wetlands staff coordinated Institute com-

The staff prov i ded tec hnical assistance to the State Water Control Board
and Consolidated Laboratory in the development of a toxic-organics monitoring
program.
This program wi 11 be based on
the system developed over the past three
years by VIMS as part of the EPA Chesapeake Bay Program.
We continued to
assist the State Water Control Board in
implementation of the monitoring program.

I
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VIMS' spec/sllst advises foes! wetlands board

members on the environmental impact of
shoreline activities.

ments on eight envi r onmental impact
statements and made more than 25 presentati ons i nclu ding wetl and wor kshops,
sy mpos ia , semi nars , and publi c heari ng s.
They at tended t he r egul ar meetings of
the fol l owi ng agenci es to supply t ech nic al as sis ta nce:
- J oi nt Perm it
Processi ng
Board:
Environmental
Protection Agency,
State Water Cont r ol Boar d , Stat e
Health Department, U. S. Army Corps
of Engi neers - Norfolk Uistri ct, Virgini a Mari ne Resour ces Commi ss i on,
Nati onal Mar i ne Fisheri es Serv i ce,
U.S . Fish and Wildli fe Service.
- Local Wetlands Boards
U.S.
Army Corps
of e ngi nee r s
(dredging proj ects rev i ews )
- Vi r gi nia Department of Hi ghways and
Transportati on Envi ronmental Coordi nation Meet ing
- Virginia Marine Resources Cormnissi on
A major effort was devoted to compl eting the r evision of the Wetlands
Guide lines i n conjunc ti on with the Virginia Marine Re sources Corrrnission . These
guidelines were approved through the procedures r equired by the Admini strative
Processes Act and will be distributed by
the Virginia Marine Resources Colli11 i ssi on .
At the request of the Suffolk Dis trict, Vi r ginia Department of Highways
and Transportation, Wetlands and Geological Oceanography personne1 he 1 ped to
design and implement plans for creating
an eight acre marsh from an abandoned
borrow pit.
Wetlands' scientists have
implemented a long-term monitoring and
research effort in the fledgling wetlands .

Development of a computer-based
retrieval system for the inventory of
Virg i nia's t idal marshes was initiated.
The system integrates baseline informat i on from the t i dal wetlanas reports
wi th other informati on.
The ultimate
goal is to relate the distr i bution of
marsh colTlllun i ties with salin ity data and
i nformation from trawl surveys i n large
segments of 1ower Chesapeake Bay and its
tri butar ies.
We antic i pate that th i s
retrieval system will be a useful t ool
for both scientists and envi ro nmental
managers.

Marine Resources Regul ation
The Department of Ocean and Coast al
Law cont inued the Feder a l Regist e r Servi ce, a weekl y information servi ce
suITTTiarizi ng or highlighting items of
i nterest to marine resource managers or
mar i ne related industries from such
sour ces as the Federal Register, Envir onmenta l Law Reporter, Pol luti on Cont r ol Gu ide and other r el ated documents .
Present ci rculation of the Ser vi ce is
approxi ma t ely 100, and i ncl udes indivi duals and organi zations both i nsi de and
outside of t he Coll ege of Will iam and
Mary.
Chesapeake Bay
A large portion of the advisory
activiti es of the research staff were
spent on Chesapeake Bay matters. Ins t i tute personne 1 served on several colTllli ttees reviewing the EPA Chesapeake Bay
Program dra ft final reports.
Institute
personnel were also very active in the
variou s working groups preparing position papers and background documentation
for the December, 1983 Chesapeake Bay
Conference. The focus on Chesapeake Bay
as a management entity ( as opposed to
separate management entities in Maryland
and Virginia) is expected to continue at
an intense level through much of the
coming year.
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APPENDIX I

THE FACULTY OF THE
SCHOOL OF MARINE SCI ENCE
Jay D. Andrews, Professor Emeritus of Marine Science .
College; M.A., Ph.D., University of Wisconsin.

B.S., Kansas State

Herbert M. Austin, Associate Professor of Marine Science. B.S., Grove City
College; M.S. , University of Puerto Rico; Ph .D. , Flori da State University.
Thomas A, Barnard, Jr. , Instructor in Mari ne Science.
College; M.A., College of William and Mary.
Susan O. Barrick, Librarian.
Reserve.

B.A. , Milligan

B.S., Shepard College; M.L.S., Case Western

Michael E. Bender, Professor of Marine Science. B.A., Southern Il linoi s
University; M.S., Michigan Stat e Universi ty; Ph.D., Rutgers University.
Rudolf H. Bieri, Associate Professor of Marine Science.
Gutenberg University .

Dr.rer.nat . Johann

John D. Boon, Ill , Associate Professor of Marine Science.
University; M.A . , Ph.D ., College of William and Mary.
Cynthia L. Bosco, Instructor in Marine Science.
of William and Mary.

B.A., Rice

B.S ., M.A., College

John M, Brubaker, Assi stant Professor of Marine Science. A.B., Miami
University; Ph.D., Oregon State University.
Eugene M. Burreson, Assistant Professor of Marine Science.
Oregon College; M.S., Ph.D., Oregon Stat e University.

B.S., Eastern

RobertJ. Byrne , Professor of Marine Science. M.S., Ph.D., University of
Chicago.
Michael Castagna, Associate Professor of Marine Science .
State University.

B.S., M. S. , Florida

Carl F. Cereo, Assistant Professor of Marine Science . B.S., Newark College;
M.S., University of North Carolina and Massachusetts Institute of
Technology; Ph.D. , College of William and Mary.
Fu Lin Chu , Assistant Professor of Mari ne Science. B.S., Chung Chi Col lege;
M.S., University of Rochester; Ph.D., College of William and Mary.
Elizabeth A. Cornell , Instructor in Mari ne Science .
Wisconsin; M.S., University of Rhode Island.

B.S., University of

Robert J. Diaz, Assistant Professor of Marine Science.
M.S. , Ph.D. , University of Virgi ni a.

B.A., LaSalle Col lege;

Will iam D. DuPaul , Associate Professor of Mari ne Sci ence . B.S. , Bridgewat er
State Coll ege; M.A., Ph. D., College of Wil l iam and Mary .
David A. Evans, Assoc i ate Prof essor of Mari ne Sci ence . B.A. , M.A., Cambri dge
University; Ph.D. , Oxford University.
Mary
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c. Gibbons, Instructor in Marine Science, B.A., University of Delaware;
M.S . , University of Delaware, Ph.D ., State University of New York at
Stony brook .

George c. Grant , Professor of Marine Science. B.S . , University of
Massachusetts; M.A. , College of William and Mary; Ph.D., University of
Rhode Island .
Leonard w. Haas , Assistant Professor of Marine Science . A.B., Dartmouth
College; M.S ., University of Rhode Island; Ph.D., College of William and
Mary.
William J. Hargis , Jr . , Professor of Marine Science.
of Richmond; Ph .D., Florida State University.
Dexter s. Haven, Professor of Marine Science .
College .

A.B . , M.A., University

B.S., M.S., Rhode Island State

Carl H. Hershner , Assistant Professor of Marine Science .
University; Ph .D., University of Virginia.

B.S., Bucknell

Carl H. Hobbs, III, Assistant Professor of Marine Science. B. S. , Union
College; M.S., University of Massachusetts.
Robert J. Huggett, Associate Professor of Marine Science. M.S., Scripps
Institution of Oceanography; Ph.D., College of William and Mary.
Paul V. Hyer, Assistant Professor of Marine Science. B.S., University of
Notre Dame; Ph.D., University of Maryland.
Howard I . Kater, Assistant Professor of Marine Science. B.S., Harpur College;
Ph.D., Florida State University.
Kevin P. Kiley, Instructor in Marine Science .
College of William and Mary.

B.S., Tufts University; M.A.,

Albert Y. Kuo, Professor of Marine Science. B.S., National Taiwan University;
M.S., University of Iowa; Ph.D., The Johns Hopkins University.
Joseph G. Loesch, Professor of Marine Science. B.S., University of Rhode
Island; M.S., Ph.D., University of Connecticut.
Jon A. Lucy, Instructor in Marine Science .
M.A., College of William and Mary.

B.S . , University of Richmond;

Robert J. Lukens, Instructor in Marine Science. B.S., Massachusetts Institute
of Technology.
Maurice P. Lynch, Professor of Marine Science. A.B., Harvard University;
M.A., Ph.D., College of William and Mary.
William G. MacIntyre, Associate Professor of Marine Science. B.S., M.S.,
Ph.D., Dalhousie University.
John A. Musick, Professor of Marine Science.
Ph.D., Harvard University.

A.B., Rutgers University; M.A.,

Bruce J. Neilson, Associate Professor of Marine Science. B.A., M.S.E., M.A.,
Princeton University; Ph.D., The Johns Hopkins University.
M~nard M. Nichols, Professor of Marine Science . B.S., Coluirbia University;
M.S., Scripps Institution of Oceanography; Ph.D., University of California
at Los Angeles.
John E. Olney, Instructor in Marine Science.
and Mary.

B.S., M.A., College of William

Robert J. Orth, Associate Professor of Marine Science. B.S., Rutgers
University; M.A., University of Virginia; Ph .D., University of Maryland.
59

Polly A. Penhale, Assistant Professor of Marine Science. B.A., Earlham
College; M.S., Ph.D., North Carolina State University.
Frank O. Perkins, Dean and Professor of Marine Science.
Virginia; M.S., Ph.D . , Florida State University.

B.A., Uni vers ity of

Morris H. Roberts, Jr . , Associate Professor of Marine Science. B.A., Kenyon
Coll ege; M.A., Ph.D., College of William and Mary.
Ann H. Rooney, Instructor in Marine Science.
Hawaii; MBA, Golden Gate Uni versity.

B.F.A., Univers ity of

Evon P. Ruzecki, Assoc iate Professor of Marine Science. A. B., Knox Col lege;
M.S . , University of Wisconsin; Ph. D., University of Virginia.
Nungjane Carl Shi, Assistant Professor of Marine Science. B.S., National
Taiwan University; M.S., Ph.D. , University of W
ashington.
Ginny H. Shaw, Instructor in Marine Science.
and Mary .

B.A., M.S ., Col l ege of Wi lliam

Gene M. Si lberhorn, Associate Professor of Marine Sc i ence. B.S. , Eastern
Michigan University; M.S ., West Virg inia Universi t y; Ph.D. , Kent St ate
University.
Craig L. Smith, Associate Professor Emeritus of Marine Science.
Johns Hopkins University ; Ph-.D . , University of Florida .·
Chih-Wu Su, Assistant Professor of Marine Science.
University; Ph.D., University of California.

A.B . , The

B. S. , Cheng Kung

Kenneth J. Sulak, Assistant Professor of Marine Science.
University; M.S., University of Miami .

B. A., Harvard

N. Bartlett Theberge, J r., Associate P~ofessor of Mari ne Science. B.S., J. D.,
College of William and Mary; LL.M., University of Miami.
Wil lard A. Van Engel, Professor of Marine Science.
of Wisconsin.

Ph.B . , Ph.M., University

J. Ernest Warinner, III, Assistant Professor of Marine Sc ience.
College of William and Mary.

B.S., M.A.,

Marvin L. Wass, Professor Emeritus of Marine Science. B.S., Winona State
College; M.S., Florida State University; Ph.D . , University of Florida.
Kenneth L. Webb, Professor of Marine Science .
Ph.D., Ohio State Un iversity.

A.B., Antioch Col~ege~ M.S.,

Beverly A. Weeks, Associate Professor of Mari ne Science . B.A., Winthrop
College; M.S. (equiv.) Tulane University, School of Medicine; Ph .D., North
Carolina State University .
Richard L. Wetzel, Assistant Professor of Marine Science. B.S., M.S.,
University of West Florida; Ph.D., University of Georgia.
Frank J. Wojcik, Assistant Professor of Marine Science.
Massachusetts; M.S., University of Alaska.

B. S., University of

L. Donelson Wright, Professor of Marine Science . B.A. , University of Miami;
M.A., University of Sydney; Ph.D., Louisiana State University.
John M. Zeigler, Associate Dean and Professor of Marine Science. B.A.,
University of Colorado at Boulder; Ph.D., Harvard University.
David E. Zwerner, Assistant Professor of Marine Science. B.S ., George
Washington University; M.A., College of William and Mary.
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